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Survey. 

87, line 13 from bottom, omit “It is said that Professor Chamberlin 
citation with his colleagues there.” 

129, line 11 from top, after “feet” insert Comma, 

157, title, for Sierra Madra read Sierra Madre. 

169, paragraph 5, last sentence should read Lower alluvial terraces 
flanking the Arkansas from Hayden south are still later. 

169, paragraph 6, should read In the Eagle Valley there was little 
deposition and much monoclinal shifting took the place of the early 
alluvial stages. 

169, paragraph 7, should read The best-marked stage of pre-glacial 
topography is recorded by isolated rock-fioored flats at au altitude 
of about 12,000 feet. Lower benches on the valley edges are due 
to early glacial erosion. 

169, paragraph 8, under heading (7), should read post-glacial erosion 
with repeatedly interrupted alluviation. 

176, line 6 from bottom, for “stone” 

188, line 7 from bottom, omif comma after “magnesium.” 

273, line 19 from top, for “superadjacent” read superjacent. 

314, line 6 from top, for (nu) read upsilon 

321, line 24 from top, for “oganisms” read organisms. 

321, line 10 from bottom, for “changes” read changing. 

327, line 2 from top, insert comma after clichés, 

327, line 11 from bottom, for “with holdeth” read withholdeth. 

452, line 4 from top, for “index of” read double. 

554, the two lines under figure 13 should be transposed. 

574, caption “Cambrian Deposits” should head last paragraph on that 
page. 


read stones, 


“ 
“ 
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“ 
“ 
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Page 666, line 1 from top, for “Walshingham” read Walsingham. 
“676, paragraph 4, should read The grade level of surface streams is 
precisely the level at which gallery opening is most easily promoted. 
* 682, line 5 from top, for “when” read which. 
* 741, line 22 from top, for “concave above and convex below” read con- 
vex above, concave below. 
“741, line 22 from bottom, omit phrase “which is also the type of the 
genus.” 
780—Reverse titles of Figures 18 and 14. 
* 790, line 22, for “left” read “right.” 
“862, line 18 from top, for “apparntly” read apparently. 
** 988, line 4 from bottom, omit “and a half.” 
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Session oF TuEsDAY MorninG, DECEMBER 29 


The Forty-fourth Annual Meeting of the Geological Society of America 
was called to order in the Crystal Ballroom of the Mayo Hotel, Tulsa, 
Oklahoma, at 10 a.m., by President Lane. 


REPORT OF THE COUNCIL 


To the Geological Society of America, in forty-fourth annual meeting 
assembled : 


The regular annual meeting of the Council was held at Toronto, Canada, 
in connection with the Annual Meeting of the Society, December 29-31, 
1930. Special meetings of the Council also were held in New York City 
on April 18, 1931, and October 17, 1931. 
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The details of administration for the forty-third vear of the existence 
of the Society are given in the following reports of the officers : 


PRESIDENT’S REPORT 


To the Council of the Geological Society of America: 


The year would have gone on without outstanding event, like others 
prosperous under the wise guidance of the permanent officers, with an 
increased carefully chosen membership, increased carefully edited pub- 
lications, investments sound, and even in these days showing remarkably 
small decrease from their purchase value, were it not for the death of my 
predecessor, Dr. R. A. F. Penrose, Jr. He left this Society haif his 
residuary estate. You will learn from the Secretary’s report that this 
bequest may amount to over four million dollars, making this Society 
wealthy and laying on us proportionate responsibilities and opportu- 
nities. 

Little did I dream of this when he and I were in college fifty years ago. 
Always courteous, quiet, kind and keen, then, as to the end, one did not 
think of him as a millionaire. This Society was not in existence. 

We had two teachers who stand out in my memory. One, Shaler, the 
philosophic inspirer of men; the other, William Morris Davis, still with 
us, whose vision saw the earth not merely as it is, but the way it has come 
to be, and who read the geological story not merely in deposition but also 
in erosion, 

He has profoundly influenced geological science. This Society does 
well to recognize it as we do this year in making him the Medalist of the 
Society. But possibly Shaler through his influence on another of his 
students, Penrose, will in the All-Seeing Eye have been as great an in- 
fluence. 

You will learn that Doctor Penrose desired, though with broad and 
generous trust he did not hamper with restrictions, that the principal 
of this bequest be invested and only the income used. It will devolve 
upon the Society to safeguard this principal, providing for its safety and 
as good an income as is consistent therewith. 

The Secretary has wisely taken the necessary immediate steps, which 
have been ratified by the Council, to accept the bequest and provide com- 
modious temporary quarters which Columbia University has kindly offered 
rent free, where the Penrose library and office equipment can find a fit- 
ting home. 

There will be many suggestions as to the method of safeguarding, care, 
and expenditure of these funds. The problem of safeguarding is relatively 
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simple. It is for the Society to determine whether it will seek profes- 
sional advice in the hope of greater safety and maximum returns. For- 
tunately the income will be large enough in any case, so that there is no 
need of taking risks. Furthermore many of our own members are in 
close touch with the financial representatives of important institutions 
and large corporations and it is quite possible to secure financial advice of 
high quality. Our Finance Committee and our attorney will make a 
report to the Council on the subject, and the whole problem will be 
worked out satisfactorily in due time. 

The second task, quite as important as the other, is how to so expend 
the funds as to wisely promote the progress of geologic science. I believe 
we shall prove worthy of the confidence Doctor Penrose placed in us, that 
we can avoid sectional feeling, reduce to a minimum the tendency to ration 
it around, put in charge men of vision and cooperative spirit and avoid 
spending on work that should be done by others. Where we see important 
work hampered by lack of funds, or where there is a field of geological 
importance not reached by other agencies, we shall be able to back it 
generously. I hope we shall not forget that one of the great stimuli to 
geologic progress is the spread of knowledge of what has been and what is 
being done. In small overlooked corners of the world there may be now, 
as there has often been in the past, work being done of inestimable value 
not available to American workers. 

Geology like all science transcends political boundaries, even as does 
this Society. It is therefore fitting that the utilization of this noble trust 
should not be narrowly confined, but be administered in the spirit of the 
will which was unlimited, generous, and trustful in the wisdom of our 
Society. I take the liberty of quoting from a letter written by Doctor 
Penrose in October of 1929 to Prof. Charles Schuchert, which is en- 
lightening. 

“In looking over the changes that have occurred in different departments 
of learning at the larger universities and other institutions, even during my 
lifetime, I am strongly impressed by the fact that activity in paleontologic and 
other geologic research shifts at intervals from one institution to another and 
that no one center of learning ever has a preeminent monopoly of any one 
branch of science for any great length of time. My own personal knowledge 
of the history of geology in Philadelphia, which seventy-five or eighty years 
ago was a center of geologic knowledge, and in which now the study of geology 
plays but a small part, has done much to lead one to the above-mentioned belief. 

“I am gradually coming to the conclusion that a national organization like 
the Geological Society of America, which is not bound to any particular institu- 
tion but is on terms of friendship and good will with all of them, might be the 
best source through which to distribute the funds of a paleontologic or other 
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geologic endowment. The very fact that the Society is national in character 
gives it from time to time a broad knowledge of the distribution of talent in 
the branches of geology which it represents, and hence would permit it in- 
telligently to use funds to assist where for the time being certain researches 
are being pre-eminently pursued. 

“An individual investigator may do brilliant work but it ceases when he 
passes away; a geologic institution may likewise do brilliant work, but when 
those who have created this efficiency no longer exist the institution loses 
its luster; but a scientific subject never dies and the more it is studied the 
greater and greater stands out its comprehensive importance in nature.” 


It is not, however, for me to catalogue the desirable things that may 
be proposed. I should like to warn against too hasty tying up of the in- 
come in expenditures recurrent year after year. Let us adopt the scien- 
tific experimental attitude, and let us keep our minds open. 

And last to mention but first in action, let us provide for an effective 
administration of the Society and an adequate recognition of the work 
of the Secretary, an object which I know was close to Doctor Penrose’s 
heart, and to which he had contributed for several years. 


The Committees appointed for this year have been as follows: 

Membership Committee: Elwood S. Moore (Chairman), Heinrich Ries, 
Donnel F. Hewett. 

Finance Committee: Joseph Stanley-Brown (Chairman), Donnel F. 
Hewett, Henry B. Kiimmel. 

Publication Committee: Charles P. Berkey (Chairman), Edward B. 
Mathews, Joseph Stanley-Brown, Henry B. Kiimmel, Edgar R. Cumings. 

Committee on Foreign Correspondents: William H. Hobbs (Chair- 
man), Frank D, Adams, Richard M. Field. 

Penrose Medal Committee on Award: Heinrich Ries (Chairman), W. 
C. Mendenhall, Reginald A. Daly, Andrew C. Lawson, Rudolf Ruede- 
mann, Douglas Johnson, Thomas L. Walker. 

Committee on Foreign Exchanges: Edward W. Berry (Chairman), Ed- 
ward B. Mathews, J. E. Hyde. 

Committee of Past-Presidents on General Advisory Matters: Charles 
Schuchert (Chairman), Andrew C. Lawson, Heinrich Ries. 


Local Committee 1931 


Local Committee for the Tulsa Meeting: Frank R. Clark (General 
Chairman). 

Subcommittee on Railroad Transportation: Frank R. Clark (Chair- 
man). 
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Subcommittee on Reception: Russell S. Knappen (Chairman), Sidney 
Powers, George Matson, J. H. Gardner, W. B. Wilson, L. H. White, E. G. 
Woodruff, Frank Greene, G. A. Waring, A. N. Murray, R. S. McFarland, 
C. T. Kirk, H. B. Goodrich, A. L. Beekly, Charles Honess. 

Subcommittee on Registration: L. G. E. Bignell (Chairman), A. I. 
Levorsen, C. T. Kirk. 

Subcommittee on Colloquium: Russell S. Knappen (Chairman), F, A. 
Bush, Leslie C. Case, Ira H. Cram, Fanny C. Edson. 

Subcommittee on Entertainment: Harry H. Nowlan (Chairman), 
Arthur F. Truex, Harry Brown, Robert H. Dott. 

Subcommittee on Auto Transportation: W. Z. Miller (Chairman), 
H. E. Rothrock, Kent K. Kimball, A. A. Langworthy, L. Murray Neu- 
mann, Clyde Becker. 

Subcommittee on Publicity: L. G. E. Bignell (Chairman). 

Subcommittee on Smoker and Dinner: W. B. Wilson (Chairman), 
Luther E. Kennedy, Robert H. Wood. 

Subcommittee on Arrangements for Needs of Technical Program: 
Ira H. Cram (Chairman), W. E. Bernard, L. H. White, E. F. Miller. 

Subcommittee on Field Trips: Frank C. Greene, F. A. Bush, B. H. 
Harlton, E. Bloesch, W. B. Wilson, C. E. Decker, John Fitts, C. W. Tom- 
linson, M. P. White, H. D. Miser, C. W. Honess, E. L. Basket, J. V. 
Howell. 

Subcommittee on Hotel Reservations: C. A. Anderson (Chairman), 
Harry Wright, Leo G. Keppler, William W. Keeler. 

Subcommittee on Golf: A. LL. Beekly (Chairman), Elfred Beck, 
Richard Hughes, Roscoe E. Shutt. 

Subcommittee on Entertainment for Ladies: Mrs. R. S. Knappen 
(Chairman), Mrs. Frank R. Clark. 


Official Appointments for the Year 


Inauguration of Harry Woodburn Chase as President of the University 
of Illinois: Delegate, Edgar Roscoe Cumings. 

Inauguration of Robert H. Ruff as President of Central College: Dele- 
gate, Edwin Bayer Branson. 

Inauguration of Frank Porter Graham as President of the University 
of North Carolina: Delegate, Stephen Taber. 

Centennial Celebration of Denison University: Delegate, August Frede- 
rick Foerste. 

Third International Conference on Bituminous Coal: Delegates, George 
H. Ashley, Morris M. Leighton, Charles R. Fettke, Elwood S. Moore. 
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British Association for the Advancement of Science: Delegate, Percy 
Edward Raymond. 

Board of Surveys and Maps of the Federal Government: Representative, 
Nelson H. Darton. 

National Parks Association: Representative, David White. 

Society of Economic Geologists: Representative, Donnel F. Hewett. 

Joseph A. Holmes Safety Association: Representative, John J. Rutledge. 

Respectfully submitted, 
ALFRED C, LANE, 
President. 


SECRETARY'S REPORT 


To the Council of the Geological Society of America: 


The Secretary’s annual report for the year ending November 30, 1931, 
is as follows: 

Meetings.—The proceedings of the Annual Meeting held at Toronto, 
Canada, December 29-31, 1930, have been recorded in volume 42, pages 
1-288 of the Bulletin; those of the Cordilleran Section, pages 289-320 of 
the Bulletin; of Section E of the American Association for the Advance- 
ment of Science, pages 321-344; of the Paleontological Society, pages 
345-384; of the Mineralogical Society 385-392 of the same volume. 

Membership.—During the last year the Society has lost by death two 
Correspondents, Pierre M. Termier and Emil Tietze, and six Fellows, 
Henry M. Ami, Samuel W. Beyer, Arthur 8. Eakle, James W. Gidley, 
R. A. F. Penrose, Jr., and Abram O. Thomas. The names of the twenty- 
eight candidates for Fellowship elected at the Toronto meeting have been 
added to the printed list. No names have been dropped for nonpayment 
of dues. There have been no resignations. The present enrollment of the “ 
Society is 607. Forty candidates for Fellowship are before the Society 
for election, and a number of applications are under consideration by the 
Council. 

Distribution of the Bulletin.—During the past year there have been 
sent out to domestic subscribers 204 copies and to foreign subscribers 84 
copies of the Bulletin, 14 going to new subscribers. Eight volumes have 
been distributed gratis, as follows: The Library of Congress ; the Govern- 
ment Geological Surveys of the United States, Canada, and Mexico; the 
Bureau of Science, Manila, Philippine Islands; the Smithsonian Institu- 
tion, Washington, D. C.; the Geological Society of America Library, 
Western Reserve University; the Columbia University Library. The 
present exchange list comprises 56 addresses. 
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Detailed Financial Statement of the Secretary's Office 


RECEIPTS 

Sale of circulars to Paleontological Society ............eeeeeeecees 14.05 
Exchange adGed to Check 


DISTRIBUTION OF OFFICE EXPENSES 
[Paid by the Treasurer] 


On account of administration: 


Printing expenses, Toronto meeting $138.15 
On account of Bulletin: 


RECEIPTS FOR SPECIAL PURPOSES 


On account clerical expenses in connection with the Secretary’s office, 
the 1931 program and preparations for the Tulsa meeting, gift 
from R. A. Penrose, Jr. ...... $1,500.00 
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SECRETARY’S REPORT 


DISBURSEMENTS FROM SPECIAL FUND 


[Paid by the Secretary] 


Stockroom shelving and other equipment..............cceeeeceeees 315.62 
Publicity in connection with Toronto meeting.............eeeeeeeee 44.17 
Framing photographs of Past Presidents...........ccccccscccccces 13.00 


For several successive years the Secretary has been under obligation 
to the late Doctor Penrose, Past President of this Society, for financial 
assistance given directly for the increasing secretarial work. This 
amounted to $1,500 in 1930 and in 1931 had already reached the same 
sum at the time of his death on July 31. He had advised repeatedly that 
this service be organized on more liberal lines and, despite the fact that 
there was no permanent provision for carrying the increased cost, the 
Secretary yielded to this advice, feeling confident that in due time 
adequate provision would be made to maintain a reasonably well-balanced 
establishment. It has been possible with this support to pay more liberally 
for the exceptionally capable services of Mrs. Miriam F. Howells and 
secure additional assistance whenever the volume of work seemed to re- 
quire. It has been possible to maintain constant attendance in the execu- 
tive office of the Society and make the service continuous through the 
normal office hours. 

This additional support removed a large part of the burden that was 
carried by the Secretary in former years, when all of the work done for 
the Society had to be attended to in his own office as a side interest when 
other duties would permit. It often happened under those circumstances 
that adequate attention could not be given when it was most needed. Un- 
der the new arrangement, the routine executive work of the Society 
has been attended to with much greater promptness and, I am confident, 
with greater satisfaction. Except, however, for the intimate acquaint- 
ance of Mrs. Howells with the business of the Society and her competence 
in handling most of the routine without special help, this service could 
not have been carried on successfully. 

The most important step of the preceding year was made when separate 
rooms were provided for the office and for the proper housing and handling 
of our publications. We had hardly become settled in these new quarters, 
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however, which were made possible partly by the continued generosity 
of Doctor Penrose, and partly by Columbia University, before we were 
faced with an entirely new situation. 

For several years the question of additional endowment has been a 
live one with the officers of the Society. It came to new prominence four 
years ago, when, after a service of several years on the Finance Committee, 
Doctor Penrose urged reorganization. He brought out the fact that the 
Society at that time was not suitably organized for the handling of large 
funds. The investigation begun at that time finally led to incorpora- 
tion, which was carried to completion in 1929, thus placing the Society in 
position to handle funds and transact all.related business with due regard 
for legal requirements. 

At that time the Society was reorganized in its present form. It seemed 
at the time an expensive and possibly unnecessary step, open to possible 
criticism in case it were not actually needed ; but it was carried through 
on the best advice available and in the belief that in due time it would 
be found to be a wise move. How soon it was to be needed no one could 
have known. 

Doctor Penrose served the Society as its President through the year 
1930. In that period he made himself intimately familiar with every 
detail of its operation and showed great concern for ‘ts possible develop- 
ment to greater service and power. The number of his visits to the head- 
quarters office greatly exceeded that of any other officer that the Society 
has had within my knowledge. He made the interests of the Society a 
study and often discussed these matters, outlining his conception of the 
place it ought to fill. The following quotation taken from his presidential 
report of a year ago is characteristic and pictures the background of his 
vision (Volume 42 of the Bulletin, page 7) : 


“The President takes this occasion to call attention to the fact that in many 
scientific societies the character and ideals of the founders are reflected in 
later years and generations by those who follow them. This has been par- 
ticularly true of the Geological Society of America. Those illustrious and 
far-seeing scholars who founded the Society some forty-three years ago 
formulated the splendid conception of gathering together the workers in various 
branches of geologic science so that they might cooperate more efficiently. 
The results have even surpassed their fondest expectations and hopes, for 
in creating the Society they formed a nucleus around which in later years 
affiliated organizations have assembled and have added to its comprehensive 
influence on geologic research as well as on the intellectual and physical wel- 
fare of mankind.” 


On July 31, 1931, Past President Penrose passed away, and when his 
will was filed it was found that he had made the Geological Society 
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of America one of his residuary legatees, to divide equally with the Ameri- 
can Philosophical Society of Philadelphia the residue of an estate that 
is valued at more than ten million dollars. The executors of the estate 
are Mr. Spencer Penrose, Mr. John Stokes Adams, and the Pennsylvania 
Company for Insurances on Lives and Granting Annuities. Their in- 
ventory gives a value of $10,040,142.98. From this sum must be deducted 
about $450,000.00, representing special bequests and executors’ fees, 
and from it also must be deducted the state inheritance tax, which will 
amoun+ to about one million dollars. 

The generosity and broadminded faith of the benefactor are well ex- 
pressed in the wording of the document itself, from which the following 
quotation is made: 

“I give and bequeath all the rest, remainder and residue of my estate, real 
and personal, of which I shall be seized or possessed at the time of my death, in 
two equal parts, one of these parts to the American Philosophical Society held 
at Philadelphia for Promoting Useful Knowledge and the other of these parts 
to the Geological Society of America (incorporated under the laws of the State 
of New York). Both of these gifts shall be considered endowment funds, the 
income of which only to be used and the capital to be properly invested.” 


The Council, at its meeting held on October 17, 1931, adopted resolu- 
tions accepting the bequest and authorizing the Secretary or, in case of 
the absence or disability of the Secretary, the Treasurer, in the name of 
the Society, to take the necessary legal and other steps involved in obtain- 
ing possession of the bequest. 

This bequest makes possible an enormously expanded outlook for the 
Society, and ought to make it a commanding power for the advancement 
of geologic science. It places a heavy responsibility on the organization 
and offers a rare opportunity. No like society has ever been so liberally 
endowed. 

Steps are being taken toward the organizing of appropriate advisory 
committees with the aid of which the Council is confident that its re- 
sponsibilities can be met. There is every reason to be deliberate and far- 
seeing. There must be rare wisdom displayed in considering new activi- 
ties. The needs of the entire field of geologic science must be surveyed 
and its various interests must be heard. The Society ought to become a 
dominating influence, and, without sacrificing its commanding position, 
encourage the widest possible cooperation. 

When the terms of this bequest came to be examined in detail it was 
found that the Penrose library and complete equipment, housed in his 
downtown office in Philadelphia, were a part of the residuary estate, in 
which the American Philosophical Society had equal rights with those 
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of the Geological Society. It was soon appreciated that it would be a 
fine thing to preserve this library as a memorial. Accordingly it was 
proposed that the special claims of the Geological Society be recognized 
and that this equipment be turned over intact for this purpose. This 
move to take over the Penrose library was favored by those who could be 
consulted, and has since been heartily endorsed by the American Philo- 
sophical Society and by the executors and our own Council, and the Secre- 
tary has been directed to arrange for its accommodation in the larger 
temporary quarters already provided on the University grounds. These 
quarters are now in course of repair, and at a convenient time this 
equipment will be transferred to and installed in these headquarters. 

It is likely that in due time the Society will establish a permanent 
home. Such a step may be too far in the future for present considera- 
tion, but it was not too far for Doctor Penrose himself, for he had already 
instituted certain investigations looking to that end. 

Following is an excerpt from a letter written by Doctor Penrose to the 
Secretary, September 12, 1930: 

“IT think that eventually the Society should have its own building, and that 
this should be in New York. It need not be an elaborate establishment, but 
it should be in a dignified neighborhood, and the Society should be in a position 
to keep it up.” 


When this is finally done, whenever that time may be, the building 
should become a memorial to our benefactor, the late Richard A. F. 
Penrose, Jr., whose command of the principles of geology and grasp of 
its economic relations enabled him, and whose interest in pure science 
and faith in its future led him to make the most liberal bequest to geology 
that has ever been made. We have just lived through a rare experience 
and have come into an unrivaled opportunity. 

Respectfully submitted, CHARLEs P. Berkey, 


Secretary. 
TREASURER’S REPORT 


To the Geological Society of America: 
The Treasurer herewith submits his report for the year ending Novem- 
ber 30, 1931. 


RECEIPTS 
Balance on hand December 1, 1930...................... $666.92 
Annual dues: 


4,720.00 
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TREASURER’S REPORT 


Redemption of bond (1 Commonwealth Edison)........... 1,102.50 
Interest: 
$2,440.97 
—————-__ 2,459.00 
Received from Secretary’s office: 
439.95 
Postage and express refunds............... 126.87 
———-__ 5,090.45 
$14, 919.07 
DISBURSEMENTS 
Secretary’s office: 
2,665.58 
Treasurer’s office: 
246.79 
Publication of Bulletin: 
————__ 9,008.32 
Mineralogical Society of America..................-0205: 144.00 
Purchase of bond: 
1 Commonwealth Edison, 1st Mortgage Ser. F. $945.00 
960.00 
13,885.14. 
$14,919.07 
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The following securities are owned by the Society at the present time. 


STEAM RAILWAY BONDS 

Par value 
$2,000 Baltimore & Ohio R. R. mortgage 5%, 1948.............. 
2,000 Canadian National Ry. 40-yr. 444%, 1968.............. 
2,000 Canadian Pacific Ry. 444%, 1946...........ccccccccees 
2,000 Delaware & Hudson first refunding 4%, 1948.......... 
2,000 Southern Pacific Ry. 40-yr. 414%, 1968............cceeee 
1,000 Southern Pacific Ry.-Oregon Lines 1st mortgage 414%, 

2,000 Texas and Pacific Ry. 1st mortgage 5%, 2000.......... 


II—BuLL. GEOL. Soc. AM., Von. 43, 1932 


Book value 


$1,998.00 


1,910.00 
1,930.00 
1,860.00 
2,009.00 


975.00 
1,976.25 
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PUBLIC UTILITY BONDS 
2000 American Tel. & Tel. Co. 20-yr. sinking fund 544%, 1948.. $1,970.00 


2000 Carolina Light & Power Co. 5%, 1956...........0020ee 1,984.00 
2,000 Central Railways, Baltimore, 1st mortgage 5%, 1932.... 2,000.00 
2.550 Chicago Railways 1st mortgage 5%, 1927..........0eeeee 2,477.50 
2,000 Commonwealth Edison Co. collateral trust 5%, 1954.... 1,983.00 
1,000 Commonwealth Edison Co. 1st mortgage, Ser. F, 4%, 1981 945,00 
3,000 Consol. Gas, Electric Light & Power Co., Baltimore, 444% 

gen. mortgage 30-yr. gold, 1935..........ccccessccess 2,940.00 


2.000 Fairmont & Clarksburg Traction Co. 1st mortgage 5%, 1938 2,005.00 
2,000 Shawinigan Water & Power Co. 1st mortgage, A 444%, 1967 1,975.25 
2,000 Southern Bell Tel. & Tel. Co. 30-yr. Ist mortgage S. F. 
INDUSTRIAL BONDS 
2,000 Consolidation Coal Co. 1st and refunding mortgage 40-yr. 


MUNICIPAL BONDS 
5.000 City of Philadelphia loan of Oct. 1, 1920, 4%, 1953.... *[5,000.00] 
2000 Province of Ontario 59, 2,010.00 
STOCKS 

4,000 40 shares Ontario Apartment House Co., Washington, 


1,000 10 shares of Iowa Apartment House Co., Washington, D. C. 1,000.00 


*Gift for medal support. 
Respectfully submitted, Epwarp B. MatHews, 
Treasurer. 


IDITOR’S REPORT 
To the Council of The Geological Society of America: 


The following tables cover statistical data for the forty-two volumes 


thus far issued: 
ANALYSIS OF COSTS OF PUBLICATION 


Cost Fg Vol. 41 Vol. 42 

Pp. 749 Pp. 867 Pp. 1053 

pls. 28 pls. 22 pls. 23 

$2,101.20 $3,871.44 $5,153.74 
$3 ,007 .06 $5 , 309. 52 $6,849.55 
Average per page..... $4.10 $6.12 $6.50 
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EDITOR’S REPORT 


CLASSIFICATION OF SUBJECT MATTER 


19 


| 
| 
° & 
$ | 4 $2 so) 82) | 
2 2 & > a § 
Number of pazes 
92 8 83 44 47 60 4 4 593 +xii 
60 111 52 168 47 9 55 1 7 662+xiv 
44 41 32 158 104 6115 541 +xii 
38 74 52 52 14 47 32 2  458+4xii 
70 54 28 51 170 71 «(14 9 665+xii 
75 39 99 1 63-25 538+x 
10 53 40 21 123 4 66 28 13 558+x 
98 5 43 67 58 14 79  446+x 
138 44 28 64 16 64 °~= 12 560 +x 
37 59 + xi 
21 #10 54 31 188 7 71 60 46 651+xii 
550 5 5 70 2 538 +xii 
13 24 28 116 42 4 165 32 29 583+xi 
48 59 183 118 22 1 14 1  609+xi 
3 94 36 267 636+x 
78 30 102 141 i9 67. 22 15 636+xiii 
41 84 47 294 27 71 785 +xiv 
141 5 629246 5 68 40 717+xii 
66 30 155 32 56 
35 29 37 45 303 8 60 132 749-+xiv 
75 48 85 70 106 1 111 11 10 8234xvi 
28 28 23 403 74 63 49 747 +xii 
126 108 19 145 134 66 758+xvi 
57. 49 160 106 23 133 53 737 +xviii 
54 32 9 175 108 9 22 802 +xVviii 
23 #11 56 90 148 5444 6 504+ xi 
125 31 146 20 271 2 73 24 5 739 +9 viii 
70 69 78 200 55 39 94 110 14 1005+3xii 
62. 15 127 169 64 73 21-679 +-xix 
41 9 5 36 205 16 73 59 644 +xiii 
19 4 13 45 22 21 69 97 79 450+xVviii 
27 63 51 77 17. 105 2 37 488+ xviii 
160 47 97 107° 101 91 41 31 862+xxi 
73 2 39 149 48 89 38 64 778+xx 
17 83 70 140 269 76 896 + xxi 
27 59 #108 103 77 1 war 4 707 +xxi 
8 8 16 11 126 43 74 126 1 667 +xvii 
17 2% 41 #25 98 .. 73 13. 857 +xxiv 
160 185 35 111 228 94 129 19 1195+xxx 
29 16 98 92 90 64 47 882+xxiv 
16 144 33 171 #455 34 117° 28 842 +xxv 
220 110 «435 #148 «865 6 122 153 35 1025+4xxviii 
Respectfully submitted, 
JOSEPH STANLEY-Brown, Fditor. 


The foregoing report is respectfully submitted. 
THE COUNCIL OF 


THE GEOLOGICAL SOCIETY OF AMERICA. 


December 29, 1931. 


ELECTION OF AUDITING COMMITTEE 


The following auditing committee was named from the floor: Carroll 
H. Wegemann and Charles W. Honess. The committee was directed to 
make a general report to the Society before the close of the sessions, and 
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submit a written report on the securities in Baltimore after their exami- 
nation. 
ELECTION OF OFFICERS, REPRESENTATIVE, AND FELLOWS 


The Secretary then read the results of the ballot for officers of the 
Society for the year 1932, and representative on the National Research 
Council, and of the ballot for Fellows. The following were declared 
elected : 

President: 


RecinaLtp A. Daty, Cambridge, Massachusetts 
First Vice-President: 
Nevin M. FENNEMAN, Cincinnati, Ohio 
Second Vice-President: 
W. E. Wratruer, Dallas, Texas 
Vice-President to represent the Paleontological Society: 
R. 8. Basster, Washington, D. C. 


Vice-President to represent the Mineralogical Society: 


ALEXANDER N. WINCHELL, Madison, Wisconsin 
Secretary: ] 
CHARLES P, BerKEY, New York, New York \ 
Treasurer: I 
Epwarp B, Maruews, Baltimore, Maryland I 
Editor: I 
JosePpH STANLEY-Browy, Kew Gardens, New York 
Councilors: 

GerorGE W. Stosr, Washington, D. C. 
Frank R. Van Horn, Cleveland, Ohio ° 
W 


Representative on the National Research Council 


(July 1, 1932, to June 30, 1935) : W 
E. C. Case, Ann Arbor, Michigan 
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i FELLOWS ELECTED 


FELLOWS 


Victor THOMAS ALLEN, A. B., M. S., Ph. D., Associate Professor of Geology, St. 
Louis University, St. Louis, Missouri. 

Ropert Bak, Ph. D., Instructor in Geology, Hunter College, New York, New 
York. 

ROLAND BLANCHARD, A. B., Geologist, Mount Isa Mines, Ltd., Mount Isa, 
Queensland, Australia. 

MARGARET FULLER Boos. B. S., M. S., Ph. D., Bartlesville, Oklahoma, Acting 
Park Naturalist, National Park Service, Rocky Mountain National Park. 

GEORGE CASPER BRANNER, A. B., A. M., State Geologist of Arkansas, Little Rock, 
Arkansas. 

W. Srorrs Core, B. S., M. S., Ph. D., Assistant Professor of Geology, Ohio State 
University, Columbus, Ohio. 

GEORGE BascocK CRESSEY, B. S., M. S., Ph. D., Professor and Head of the De- 
partment of Geology and Geography, Syracuse University, Syracuse, New 
York. 

Comin Hayter CrickMay, B. A., Ph. D., Assistant Professor of Geology, Univer- 
sity of Illinois, Urbana, Illinois. 

IrvinG BALLARD Crospy, B. S., A. M., Consulting Geologist, Boston, Massachu- 
setts. 

JOHN WELLINGTON Fincnu, B. A., M. A., Se. D., Dean of the School ui Mines, 
University of Idaho; Secretary and Director, Idaho Bureau of Mines and 
Geology, Moscow, Idaho. 

Lynpon LYMAN Fo tey, FE. M., Geologist, Mid-Kansas Oil and Gas Company, 
Tulsa, Oklahoma. 

LAURENCE MCKINLEY GOULD, B. S., M. A., Se. D., Associate Professor of Geol- 
ogy, University of Michigan, Ann Arbor, Michigan. 

BENO GUTENBERG, Ph. D., Professor of Geophysics, California Institute of Tech- 
nology, Pasadena, California. 

Wit1i1amM Bayarp Heroy, Ph. B., Chief Geologist, Sinclair Consolidated Oil 
Corporation, New York, New York. 

Fioyp Hopson, A. B., A. M., Ph. D., Assistant in Historical Geology, Cornell 
University, Ithaca, Ney York. 

SUGENE JABLONSKI, Ph. D., Geologist, Vacuum Oil Company, New York, New 
York. 

Lewis BurRNETT KELLvuM, A. B., Ph. D., Assistant Professor of Geology, Univer- 
sity of Michigan, Ann Arbor, Michigan. 

Puitie BurKE Kine, B. A., M. S., Ph. D., Assistant Geologist, United States 
Geological Survey, Washington, D. C. 

Henry LeicutTon, A. B., Professor and Acting Head, Department of Geology, 
University of Pittsburgh, Pittsburgh, Pennsylvania. 

Raymonp J. Leonard, B. S., Ph. D., Professor of Geology and Mineralogy, 
University of Arizona, Tucson, Arizona. 

WALTER Epwarp McCourt, A. B., A. M., Professor of Geology and Assistant 
Chancellor, Washington University, St. Louis, Missouri. 

WENDELL CLAY MANSFIELD, B. S., M. S., Ph. D., Associate Geologist, United 
States Geological Survey, Washington, TD. C. 
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FrRaNK ARMON MELTON, B. S., Ph. D., Associate Professor of Geology, Univer- 
sity of Oklehoma, Norman, Oklahoma. 

Howarp AvuGustUS MEYERHOFF, B. A., M. A., Associate Professor of Geology, 
Smith College, Northampton, Massachusetts. 

CHARLES MERRICK NEVIN, B. S8., M. S., Ph. D., Assistant Professor of Geology, 
Cornell University, Ithaca, New York. 

Water Harry NEWHOUSE, B. S., 8S. M., Ph. D., Associate Professor of Eco- 
nomic Geology, Massachusetts Institute of Technology, Cambridge, Massa- 
chusetts. 

Eart Le Roy Packarp, B. A., M. A., Ph. D., Professor of Geology and Paleon- 
tology, University of Oregon, Kugene, Oregon. 

Rosert RAKES SHrocK, A. B., A. M., Ph. D., Assistant Professor of Geology, 
University of Wisconsin, Madison, Wisconsin. 

QUENTIN DREYER SINGEWALD, A. B., Ph. D., Assistant Professor of Geology, 
University of Rochester, Rochester, New York. 

ARLE HERBERT Sutton, A. B., Ph. D., Assistant Professor of Geology, Univer- 
sity of Illinois, Urbana, Illinois. 

ALLEN CRAWFoRD TEsTER, A. B., A. M., Ph. D., Assistant Professor of Geology, 
State University of Iowa, Iowa City, Iowa. 

NorMAN Louis Tuomas, B. Sc., Paleontologist, Pure Oil Company, Fort Worth, 
Texas. 

JOSEPH ELiis THomson, B. A. Se., Ph. D., Associate Professor of Mineralogy, 
University of Toronto, Toronto, Canada. 

Watrter Aucust VER WIEBE, A. B., Ph. D., Professor of Geology, University of 
Wichita, Wichita, Kansas. 

JouN ForTUNE WALKER, B. A. Sc., Ph. D., Associate Geologist, Geological Sur- 
vey of Canada, Vancouver, Canada. 

WAN LEsS, B. Se., M. A., Ph. D., Assistant Professor of Geology, 
University of Illinois; Associate Geologist, Illinois State Geological 
Survey, Urbana, Illinois. 

Purp Greorce Worcester, A. B., A. M., Ph. D., Professor of Geology, University 
of Colorado, Boulder, Colorado. 

FRANK JAMES Wricut, B. A., M. A., Ph. D., Professor of Geology, Denison Uni- 
versity, Granville, Ohio. 

JOHN FRANK Wricut, B. A., Ph. D., Associate Geologist, Geological Survey of 
Canada, Ottawa, Canada. 

WILLIAM JostaH Wricut, B. Se., B. A., M. A., Ph. D., Provincial Geologist of 
New Brunswick and Head of Department of Geology, University of New 
Brunswick, Fredericton, Canada. 


NECROLOGY 


The Secretary announced the deaths of six Fellows and two Corre- 
spondents of the Society, and brief oral tributes were called for as follows : 


Henry M. Ami, by David White. 
Samuel W. Beyer, by H. Foster Bain. 
Arthur S. Eakle, by Charles Palache. 
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MEMORIAL OF H. M. AMI 


James W. Gidley, by Richard S. Lull (read by the Secretary). 

R. A. F. Penrose, Jr., by Joseph Stanley-Brown. 

Abram O. Thomas, by James H. Lees. 

Pierre M. Termier, by Waldemar Lindgren (presented informally by Presi- 
dent Lane). 

Emil Tietze, by Edward B. Mathews. 


Reading of the last three was postponed to the following day. 


MEMORIALS 


The following memorials are printed in this volume of the Proceed- 

ings: 

Memorial of Henry Mare Ami, by David White. 

Memorial of Samuel Walker Beyer, by H. Foster Bain. 

Memorial of Arthur Starr Eakle, by Charles Palache. 

Memorial of Cassius Asa Fisher, by H. Foster Bain. 

Memorial of James Williams Gidley, by Richard Swann Lull. 

Memorial of Richard A. F. Penrose, Jr., by Joseph Stanley-Brown. 

Memorial of Abram Owen Thomas, by James H. Lees. 

Memorial tribute to Emil Tietze, by Edward B. Mathews. 

Memorial of Pierre Termier, by Waldemar Lindgren. 


HENRY MARC AMI? 
BY DAVID WHITE 


Henry Mare Ami, the subject of this sketch, died at Mentone, on the 
Mediterranean shore of France, January 4, 1931, in the 72d year of his 
life. He was buried at Ottawa, Canada, February 27, 1931. 

Ami’s father was a Swiss Huguenot, who with his young wife, a native 
of Doubs, France, came from Geneva, Switzerland, as a Presbyterian 
missionary to Canada, where he was soon in charge of several] stations in 
the Montreal district. The ship on which the Amis had passage was 
wrecked on the Labrador Coast en route. Henry, the son, was born at 
Belle Riviere, near Montreal, on November 23, 1858. He received his 
early education from tutors and in the public schools of Ottawa. His 
college education was obtained at McGill University, where he was Mac- 
Donald scholar and Dawson prize man. There he was Bachelor of Arts 
in 1882 and Master in 1885. His interest in geology was inspired by 
Sir William Dawson, then Principal Dawson, the head of the university, 
from whom he received geological instruction and of whom he became 
a profoundly admiring disciple. 


2 Manuscript received by the Secretary of the Society December 16, 1931. 
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In 1882, soon after leaving the university, Ami became a member of 
the scientific staff of the Geological Survey of Canada, with which he 
remained until his retirement in 1910. There he was associated as junior 
in paleontologica] studies with J. F. Whiteaves, who was largely occupied 
with the fossils from the younger formations, while Ami was mainly 
concerned with the examination for the Canadian Survey of the fossils 
gathered from the Paleozoic, especially the Silurian and Ordovician 
formations. During his term of 30 years of service in the Governmental 
Survey, he carried on field investigations in New Brunswick, Nova 
Scotia, Quebec, Ontario, and in the far west, so that, with his omnivorous 
reading, his knowledge of the geology and mineral resources of Canada 
was unusually extensive. Meanwhile he examined hundreds of collec- 
tions of fossils made by members of the Survey staff as well as by himself. 
In his knowledge of the Paleozoic invertebrate faunas of Canada, especi- 
ally those of the Silurian and Ordovician, their age and distribution, he 
became a preeminent authority of international standing. Yet the 
labor of scrutinizing great numbers of collections, identifying the described 
species and determining the ages, which he was able to do with remark- 
able vision and precision, left him little time for formal monographic 
description of any of the collections, so that, greatly to his regret, the 
number of descriptive papers which he was able to prepare was compara- 
tively small. The fruit of his paleontologica] labors is seen in the rich 
collections now in the Canadian National Museum and in the faunal lists, 
with correlations, scattered through a long series of geological reports 
prepared by his colleagues. Ami was interested and unusually well 
informed in every branch of paleontology, but he was particularly at- 
tracted by the Silurian graptolites. 

In the breadth of his scientific interests Dr. Ami was somewhat unique, 
for he bridged the gap between the old-school naturalist, acquainted with 
or even versed in many branches of science, and the modern specialist 
and monographer. He made collections, accumulated libraries, and gave 
popular lectures in zoology, especially entomology, conchology, and in 
botany and astronon:v. as well as in geology and paleontology. Both his 
reading acquaintance with and his immediate personal knowledge of the 
geology of other countries than Canada were extraordinary in view of the 
fact that he was not a compiler of general works. He was an indefatigable 
collector in all fields of natural history, and he was especially valuable and 
interested in the organization and encouragement of field nature studies 
by the layman. In fact he was a most stimulating and well informed as 
well as companionable member of many a field excursion in geology, 
botany, and other subjects. He was one of the organizers and for a year 
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or more president of the Ottawa Field Naturalists’ Club, in which he 
took a deep interest and was throughout a leading spirit. He was editor 
of the Ottawa Naturalist from 1895 to 1900. He compiled bibliographies 
of the geology and paleontology of Canada which were published in the 
“Transactions of the Royal Society of Canada,” and for a term of years 
he was Curator of Geology and Paleontology in the Canadian National 
Museum. 

Among the many paleontological collections made by him was one em- 
bracing about 500 specimens of fossil fishes obtained from the Pleistocene 
clays of the Ottawa Valley. The skeleton of a fossil seal from the same 
deposits, described by him and now in the National Museum at Ottawa, 
bears testimony to the diversity of his paleontological activities. To his 
interest in fossil plants and his insistence that many of the areas in New 
Brunswick and Nova Scotia which were being mapped and described by 
some of his colleagues as Devonian were in reality Carboniferous, was 
largely due the action of the Canadian Survey in putting collections, some 
of them made by Ami, in the hands of foreign paleontologists and the 
definite assignment of the formations to the Pennsylvanian. 

After Ami’s retirement from the Canadian Geological Survey in 1910 
he busied himself not only as a free-lance geologist, but in the promo- 
tion of natural science in general in his country. It was during this 
period that he prepared the material for the first volume of Stanford’s 
compendium of geography. This volume is particularly valuable for the 
geological and physiographic data concerning Canada and Newfound- 
land as well as for its historical and other information. Dr. Ami also 
prepared a report on the geology and mineral resources along the North- 
ern Transcontinental Railway of Canada between Quebec and Winnipeg. 

Always ardently patriotic, Dr. Ami was profoundly aroused following 
the outbreak of the Great War. He at once lent himself to the further- 
ance of the cause by aiding in the compilation of Canada’s resources in 
minerals and mineral products especially needful for war’s more effective 
prosecution. After the United States joined the Allies, he was soon 
installed in the Trade Department of the British Embassy at Washington, 
where, as volunteer assistant, he was mainly engaged in the compilation 
and exchange of war mineral information between the British and the 
American agencies. Following the retirement of Sir Cecil Spring-Rice 
he continued during the incumbency of Lord Redding as British Ambas- 
sador, and it was during this period that he had the opportunity to advise 
the latter, in conference with a number of leading and influential Hebrews 
in America, as to the geological exploration of portions of Palestine with 
a view to the development of its petroleum resources. 
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Meanwhile he had become deeply fascinated by the discoveries of fossil 
man in Europe, which he frequently visited, and especially in the prob- 
lems of the relative age as well as the absolute antiquity of man on earth. 
Soon after the close of the war, this subsidiary interest became dominant. 
Accordingly, we find him enthusiastically undertaking the search for 
remains of fossil man in the south of France. Here he set himself at the 
work of founding the Canadian School of Pre-History. For his field 
explorations he received a concession from the French Government at 
Les Eyzies in the Dordogne. In this enterprise the Royal Society of 
Canada lent its good offices, though it could give small financial support. 
In 1925 it appointed Dr. Ami directer of the school, which was granted 
a charter in 1928. 

Though in impaired health, Dr. Ami was zealously, even enthusiasti- 
cally, occupied with his archeological researches, which he carried forward 
almost entirely from personal. funds. A portion, at least, of each of the 
last five years was spent by him in the Dordogne in the immediate super- 
vision of the work of excavation and recovering, with the greatest care, 
the flints and other objects of human origin so abundantly present in the 
Pleistocene deposits at Les Eyzies. 

The principal horizons at Les Eyzies were the Musterian and the 
Aurignacian. During the three years of Ami’s explorations, a great 
amount of material was gathered and brought to Ottawa besides a num- 
ber of new or rare human relics which, under the terms of the concession, 
were retained in France. Also, some interesting mammalian fossils, 
including several skulls, were brought to light. Dr. Ami’s most notable 
conclusion based upon his archeological work in the Dordogne was that 
the Eskimo of North America was a migrant through Siberia from north- 
ern Europe. 

So extensive were the materials accumulated by Dr. Ami during the 
period following his retirement from the Geological Survey that the 
entire top floor of the Elgin Building in Ottawa was crowded with his 
archeological and fossil collections, his library, his scientific files, and his 
paleontology, his main geological library and extensive collections in 
the distribution of material relating to the paleontology of man. In the 
new building of the Canadian National Museum, for the establishment of 
which Dr. Ami worked hard through many years, a room set apart for 
the purpose was filled with archeological exhibits fully installed and 
labeled by him. This now constitutes a memorial collection. Other 
institutions, including McGill University, also were given important 
exhibits. Finally, some 40 boxes, collected during the summer of 1930, 
are for the most part still unopened. 
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The greater part of the scientific collections left by Dr. Ami have, with 
characteristic generosity, been presented by Mrs. Ami to the Canadian 
National Museum. To this institution have been given the collection of 
Paleozoic invertebrates, including a large unstudied collection made by 
Dr. Ami from the region of Little Metis, the very comprehensive fossil 
plant collections from the Cape Breton coal field, the rich eollection of 
fossil fishes from the Pleistocene of the Ottawa Valley, and other mis- 
cellaneous paleontological gatherings, together with the conchological 
collection and the wealth of material, accompanied by very copious notes, 
relating to the mineral resources and the natural history of Canada, as 
well as his rather voluminous general index to American geology and 
paleontology, his main geological library and extensive collections in 
the field of archeology. The collection of microscopical sections and lan- 
tern slides illustrating living and fossil woods and miscellaneous subjects in 
natural history which Dr. Ami had once purchased from the Penhallow 
estate was presented to McGill Uni-ersity. Other presentations have 
been made to the Universities of Toronto and Perth and to the Ottawa 
Field Naturalists’ Club, His literary library and his general works of 
art, including a number of fine paintings, porcelains, and weavings, were 
presented to institutions, organizations or persons closely associated with 
Dr. Ami’s interests and work. 

Mentally most active and stimulating, Dr. Ami was a genial and agree- 
able companion, always the more welcome and interesting because of his 
wide reading, the diversity of his learning, and his always scintillating 
French temperament. By the older members of the Geological Survey in 
Washington, which he frequently visited, he will long be remembered 
for his inimitable recitations from Drummond’s poems on the French 
“habitants.” His acquaintance with statesmen and literary men as well as 
among scientists was remarkably extensive. In recognition of his service 
to paleontology, he was in 1905 awarded the Bigsby Medal by the Geologi- 
cal Society of London, of which he was a member. Meanwhile he had 
received the honorary degree of Doctor of Science from Queen’s Uni- 
versity in 1892. The same degree was awarded by his Alma Mater, 
McGill University, in 1907. He was elected to honorary or other mem- 
bership in many learned societies of Great Britain, France, and Switzer- 
land, as well as the United States. He became a member of the Geological 
Society of America in the second year of its existence, being elected in 
December, 1889. 

In 1892 Dr. Ami was married to Clarissa Jane Burland, daughter of 
teorge H. Burland of Montreal. An only child, Marguerite, wife of 
Kenneth Slater of Toronto, met her death in an automobile accident in 
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the summer of 1930. His wife, three grandchildren, a boy and two girls, 
and a brother, William Ami, of Winnipeg, Manitoba, survive him. Dr. 
Ami was buried in Beechwood Cemetery at Ottawa. 

Following is a list of his publications in natural history : 
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Additional notes on the geology and paleontology of Ottawa and vicinity. 
Transaction of the Ottawa Field-Naturalists’ Club, number 11, volume 11, 
1885, pages 251-259. 
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and surveys in portions of the counties of Carleton, Victoria, York and 
Northumberland, New Brunswick, 1885. By L. W. Bailey.” Geological 
and Natural History Survey of Canada, volume 1 (new series), Annual 
Report, 1886, pages 15, 16, 19, 256. 
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number 3, 1887, pages 342-349. 
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On the occurrence of scolithus in rocks of the Chazy formation about Ottawa, 
Ontario. Canadian Record of Sciences, volume 2, 1887, pages 304-306. 
Notes on and the precise geological horizon of Siphonotreta Scotica, Davidson. 
Ottawa Naturalist, or Transactions of the Ottawa Field-Naturalists’ Club, 

volume 1, number 9, 1887, pages 121-126. 

Precise geological position of Siphonotreta Scotica,. Canadian Mining Review, 
volume 4, Numbers 10-11, January February, 1887, page 5 (stratigraphical 
and paleontological notes, lists, Utica fossils). 

Notes on the Utica and Trenton formations in New Edinburgh. Canadian 
Mining Review, volume 5, number 4, page 10 (Lists of fossils from the 
Trenton and Utica formations). 

1888 

On Utica fossils from Rideau, Ottawa, Ontario, Ottawa Naturalist, volume 1, 
1888, pages 165, 169. 

The rock formations of the Ottawa Valley, and natural gas. Canadian Mining 
Review, volume 6, number 4, 1888, pages 43-44. 
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Bay (Quebec), Canada. Canadian Record of Science, volume 3, 1888, pages 
101-107. 
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Contribution to the geology and paleontology of the townships of Russell and 
Cambridge, in Russell, Ontario. Part 2. Paleontology. Ottawa Naturalist, 
volume 2, 1888, pages 139-140. 

On the sequence of the geological formations about Ottawa, with reference to 
the natural gas question. Ottawa Naturalist, volume 2, 1888, pages 93-96. 

Coal in Ontario. Canadian Mining Review, volume 6, number 2, 1888, pages 
18-19. (Signed Norman.) 

Geological features in the vicinity of the government experimental farm, near 
Ottawa. Ottawa Naturalist, volume 2, 1888, pages 71-72. 

On the sequence of the geological formations about Ottawa, with reference to 
the natural gas question. Ottawa Naturalist, volume 2, 1888, pages 93-96. 

On the occurrence of “phosphatic nodules” in the Chazy formation about Ot- 
tawa, Canada. Ottawa Naturalist, volume 2, 1888, pages 45-46. 

Geological relations along the Ottawa below the Rideau. Ottawa Naturalist, 
volume 2, page 48. 

Synoptical table of the geological formations about Ottawa, Canada. Being 
an enlarged and slightly amended issue of the table accompanying the same 
author’s paper on the succession of geological formations in the Ottawa 
District, published in the Canadian Mining Review. 

Systematic list of fossils, with localities as referred to in Dr. Ells’s “Second 
report on the geology of a portion of the Province of Quebec, eteetera, 
exclusive of those species obtained in the limestone conglomerate bands.” 
Contains nearly 200 species of paleozoic fossils from 36 different localities, 
which are indicated in the body of Dr. Ells’s report, pages 10, 11, 15, 16, 
17, 18, 19, 20, 21, 22, 23, 24, 41, 50, 52, 53, 54, 55, 56, 57, 59, 60, 61, 64, 65, 66, 
67, 68, 69, 73, 76, 77, 78, 79, 80, 81 and 82. Geological Survey of Canada, 
Annual Report (new series), volume 3, part 2, Appendix, 1888, pages 116k- 
120k. 

1889 

Reports on organic remains obtained by Professor L. W. Bailey and Mr. Wm. 
McInnes from various localities and formations in northern New Bruns- 
wick, etcetera, embodied in “Report on explorations and surveys in portions 
of northern New Brunswick and adjacent areas in Quebec and in Maine, 
United States.” Annual Report, Geological Survey of Canada, volume 3, 
part 2, Report M, 1889, pages 14, 15, 16, 18, 19, 21, 30, 31, 32, 33, 34, 35, 
37, 40, 41, 44, 45, 46, 48, 49. 

Report of the Geological Branch. Addressed to the Council of the Ottawa Field- 
Naturalists’ Club. Ottawa Naturalist, volume 3, number 3, pages 36-38, 
1889. 

On a species of Goniograptus from the Levis formation, Levis, Quebec. Cana- 
dian Record of Science, volume 3, number 7, 1889, pages 422-428. 

Additional notes on Goniograptus Thereaui of McCoy from the Levis Forma- 
tion. Canadian Record of Science, volume 3, number 8, 1889, pages 502- 
503. Plate. 

Description of, and a diagram section of strata of the Utiea formation at 
Sparks’s Rapids, Gloucester, near Ottawa, Ontario. Accompanying paper 
by Dr. Henry Woodward on *‘7'urrilepas Canadensis.” Geological Mag- 
azine, December 3, volume 6, 1889, page 275. 
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Paleontology of Dr. Ells’s second report on the geology of a portion of the 
Province of Quebec, comprising lists of fossils from 15 localities. Devonian, 
Ordovician and Cambrian. Annual Report, Geological Survey of Canada, 
volume 3, Report K, 1889, pages 1-114. 

Contributions to the geology and paleontology of the townships of Russell and 
Cambridge, in Russell, Ontario. II. Paleontology. Ottawa Naturalist, 
volume 2, number 9, 1889, pages 139-140. 

Book notices. (1) Professor Penhallow, on Nematophyton, etcetera; Dr. G. F. 
Matthew, on Silurian and Devonian Organisms in New Brunswick; (3) Mr. 
Whiteaves; Devonian Fishes; (4) Professor T. R. Jones: Paleozoic Bivalve 
Entomostraca. Ottawa Naturalist, volume 3, number 5, 1889, pages 73-77. 

Book notices. (1) Geological and Natural History Survey of Canada, volume 
3, new series; (2) Matthew, on Cambrian Organisms; (8) Sir J. W. Daw- 
son, on fossil sponges from Quebec group of Little Metis; (4) Sir J. W. 
Dawson, on new fossil plants from the Northwest; (5) Professor T. R. 
Jones, on Mabon Ostracoda; (6) Mr. Chalmers, on glaciation; (7) Dr. 
G. M. Dawson, on glaciation in British Columbia; (8) Dr. Hinde, on 
Ottawa Trenton Springs; (9) Mr. Chalmers, on the St. John country; 
(10) Professor Ulrich, on micro-paleontology. Ottawa Naturalist, volume 
8, 1889, pages 101-114. 

Book notices. (1) Contributions to Canadian paleontology, part 3, Triassic 
fossils of British Columbia, by Mr. Whiteaves; (2) Archzeocyathus and 
other Cambrian Springs, by Dr. J. G. Hinde; (3) Paleontology of New York 
State, volume 7, by Professor J. Hall. Ottawa Naturalist, volume 3, 
1889, pages 42-44. 

1890 

On the geology of Quebec city. Science, volume 16, number 409, December 5, 
1890, page 317. (Author separates the Quebec city rocks from Lorraine 
or so-called Hudson River, overlying the Utica, and shows its place to be 
at the top of and with the Quebec group.) 

List of Cambro-Silurian (Ordovician) fossils from Lake St. John. Report of 
the curator of the museum for 1888-89, Department of Public Instruction, 
by D. N. St. Cyr, page 14; also from Beauport, p. 22, ditto, French edition, 
1890, pages 14 and 22. 

With A. P. Low. Report of the Geological Branch of the Ottawa Field-Natural- 
ists’ Club. Ottawa Naturalist, volume 1, number 4, 1890, pages 70-73. 


1891 


Extinct Canadian vertebrata from the Miocene rocks of the Northwest Terri- 
tories of Canada. Ottawa Naturalist, volume 5, number 4, 1891, pages 
74-77. Ottawa. 

On some extinct vertebrata from the Miocene rocks of the Northwest Terri- 
tories of Canada, recently described by Professor Cope. Scienec, volume 
18, number 442, 1891, page 53. 

On the geology of Quebec and its environs. Bulletin of the Geological Society 
of America, volume 2, pages 477-500, plate 20. Abstracts, American 
Geologist, volume 8, 1891, page 186. American Naturalist, volume 25, 1891, 
page 658. 
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Review of “Catalogue of the fossil Cephalpoda of the British Museum, part 1, 
1888; part 2, 1891; London, 1888 and 1891, by Arthur H. Foord, Fellow of 
the Geological Society.” Part 1, 41 species; part 2, 41 species, Calciferous 
to Carboniferous. Canadian Record of Science, volume 4, number 7, 
1891, pages 397-399. 

the sequence of strata forming the Quebec group of Logan and Billings, 
with remarks on the fossil remains found therein. American Geologist, 
volume 8, 1891, pages 115-117. (Abstract of paper presented and read 
before the Royal Society of Canada, May, 1892.) Also in Science, volume 
16, 1890, page 317, and in American Geologist, volume 7, 1891, page 11. 
On the geology of Quebec city. Canadian Record of Science, volume 4, num- 

ber 6, 1891, pages 315-319. 
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1892 

the geology of Quebec city. List of fossils characterizing the Quebec Ter- 

rane. American Journal of Science, volume 43, number 253, 1892, pages 

75-77. 

On the sequence of strata forming the Quebec group of Logan and Billings, 
with remarks on the fossil remains found therein. Ottawa Naturalist, 
volume 6, 1892, pages 41-43. 

Book notice. J. F. Whiteaves’ Orthoceratites of the Winnipeg basin. Ottawa 
Naturalist, volume 6, 1892, pages 68-69. 

Additional notes on the geology and paleontology of Ottawa and its environs. 
Ottawa Naturalist, volume 6, number 6, 1892, 11 pages. 

British Association for the Advancement of Science, Edinburgh, Scotland. 
(Notice of results of meeting.) Ottawa Naturalist, volume 6, 1892, pages 
78-80. 

The Geological Society of America. (Notice.) Ottawa Naturalist, volume 6, 
1892, pages 82-84. 

Mineralogical notes. (Review of paper on manganese ores in Canada, pub- 
lished in American Geologist, by Mr. H. P. Brumell.) Ottawa Naturalist, 
volume 6, 1892, pages 105-106. 

Book notice. Review of Dr. George Vasey’s “Grasses of the Pacific slope, in- 
cluding Alaska and the adjacent islands.” Ottawa Naturalist, volume 6, 
1892, pages 135-137. 

Reports on numerous collections of fossil remains from the “Southern portion 
of Portneuf, Quebec and Montmorency Counties, Province of Quebec,” em- 
bodied in Mr. A. P. Low’s Report L, in Annual Report, volume 5, Geological 
Survey of Canada, 1893, pages 34, 35, 36, 37, 38, 39, 40, 41, 43, 44, 45. 

Review of paper, by Mr. A. E. Barlow, “On the nickel and copper deposits of 
Sudbury, Ontario.” Canadian Record of Science, volume 5, number 1, 
1892, pages 68-69. 

Paleontological notes. (1) On a collection of fossils from the Ordovician of 
Joliette, in the Province of Quebec, pages 104-107; (2) On the occurrence 
of fossil remains on the Manitou Islands, Lake Nipissing, Ontario, pages 
107-108. Canadian Record of Science, volume 5, number 2, 1892, pages 
104-108. 
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The Utica terrane in Canada, Canadian Record of Science, volume 5, number 
3, 1892, pages 166-183. Continued in volume 5, number 4, 1892, pages 234- 
246. (Issued as separate, October, 1892, 32 pages.) 

Notes and descriptions of some new or hitherto unrecorded species of fossils 
from the Cambro-Silurian (Ordovician) rocks of the Province of Quebec. 
Canadian Record of Science, volume 5, number 2, 1892, pages 96-103. 

Catalogue of Silurian fossils from Arisaig, Nova Scotia. Transactions of the 
Nova Scotian Institute of Science, series 2, volume 1, article 7, 1892, pages 
185-192. 

1893 

The Geological Society of America (Ottawa meeting). Ottawa Naturalist, vol- 
ume 6, 1893, pages 152-157. 

Sir Richard Owen. An obituary notice. Ottawa Naturalist, volume 7, 1893, 
page 50. 

Catalogue of Canadian fossil insects. Extracted from “The fossil insects of 
North America,” volumes 1 and 2, by Professor S. H. Scudder, with special 
reference to Canadian specimens. Canadian Record of Science, 1893, pages 
488-494, 

Book notice. Notes on the Gasteropoda of the Trenton limestone of Manitoba, 
with a description of one new species, by J. F. Whiteaves, of the Geological 
Survey of Canada. Canadian Record of Science, 1893, pages 317-328. 
Ottawa Naturalist, volume 7, number 8, 1893, pages 129-130. 

Notes on the geology and paleontology of the Rockland quarries and vicinity, 
in the county of Russell, Ontario, Canada. Ottawa Naturalist, volume 7, 
number 9, 1893, pages 139-147. 

The Royal Society of Canada. (Notice of papers on geology, paleontology, 
ete., by Fellows.) Science, volume 21, number 540, 1893, pages 315-316. 

On a small collection of fossils from the Trenton limestones of Port Hope, 


Ontario. Ottawa Naturalist, volume 7, number 6, 1893, page 100. 


1894 

Geology. Editorial notes. Ottawa Naturalist, volume 7, 1894, page 173. 

Memorial of Amos Bowman. Bulletin of the Geological Society of America, 
volume 6, 1894, pages 441-443. 

Notes on Canadian fossil Bryozoa. Canadian Record of Science, volume 6, 
1894, pages 222-229. 

With Hugh Fletcher. Obituary of Scott Barlow, Esq. Ottawa Naturalist, 
volume 8, number 5, 1894, pages 75-77. 

Notice and review of memoir “On Cyphornis, an extinct genus of birds,” by 
E. D. Cope. Ottawa Naturalist, volume 8, 1894, pages 64-65. 

Notes on fossils from Quebec city, Canada. Ottawa Naturalist, volume 8, 
number 6, 1894, pages 82-90. 

Report of the Geological Branch, 1893-94. Addressed to the Council of the 
Ottawa Field-Naturalists’ Club. Ottawa Naturalist, volume 8, number 7, 
1894, pages 102-104. 

Excursion to Galetta. Geological notes. Ottawa Naturalist, volume 8, number 
7, 1894, page 109. 


III—Bvuui. Grou. Soc. AM., Von. 43, 1932 


of 
us 
a, 
gS, 
st, 
ad 
ne 
m- 
es 
8, 
st, 
ya 
S. 
d. 
aS | 
| | 
t, : 
= 
b, 
mn : 
il a 
e 
| 
= 


34 PROCEEDINGS OF THE TULSA MEETING 


The age of the Niagara River; Mount Saint Elias and Mount Logan; death 
of George H. Williams; nepheline syenite in Ontario. (Editorial notes.) 
Ottawa Naturalist, volume 8, number 7, 1894, pages 113-114. 

Geological notes. Saricava sands and gravels at Carp, Ontario. Ottawa 
Naturalist, volume 8, number 7, 1894, pages 121-122. 

Notes on a collection of Silurian fossils from Cape George, Antigonish County, 
Nova Scotia, with descriptions of four new species. Transactions of the 
Nova Scotian Institute of Science, series 2, volume 1, part 4, 1894, pages 
411-415. 

1895 

James Dwight Dana. Obituary note. Ottawa Naturalist, volume 9, number 2, 
1895, page 55. 

Notes, reviews and comments. The geology of southwestern Nova Scotia. 
by Dr. L. W. Bailey; Early Protozoa, by Dr. G. F. Matthew; The strati- 
graphic base of the taconic or Lower Cambrian, by Professor N. H. 
Winchell; Second Lake Algonquin, by F. B. Taylor; Development of the 
corallum of Favosite Forbesi, var. occidentals, by Dr. G. H. Girty. Ottawa 
Naturalist, volume 9, number 2, 1895, pages 56-58. 

Zoology. Distribution of the Echinoderms of northeastern America. The 
Canadian and other British North American species. Ottawa Naturalist, 
volume 9, number 2, 1895, pages 59-60. 

The Cretaceous system of Canada, by Dr. Whiteaves. (Book notice.) Ottawa 
Naturalist, volume 8, number 8, 1895, pages 139-141. 

Notes, reviews and comments. Geology. Recent notice of papers by Dr. G. F. 
Matthew, C. E. Beecher, E. W. Claypole, N. H. Winchell, F. Leslie Ran- 
some and A. W. Vogdes. Ottawa Naturalist, volume 9, number 3, June, 
1895, pages 154-158. 

Notes, reviews and comments. The Potsdam and calciferous formations of 
Quebec and eastern Ontario, by R. W. Ells; On Canadian fossil Pro- 
tozoa; On Silurian fossils from Cape George, Antigonish County, Nova 
Scotia, by H. M. Ami; Fossil Ostracoda from Manitoba and Northwest 
territories, T. R. Jones. Ottawa Naturalist, volume 9, number 1, 1895, 
pages 20-22. 

Geological Society of America (Baltimore meeting). Ottawa Naturalist, vol- 
ume 9, number 1, April, 1895, pages 23-24. 

Book notices (1) The Lower Silurian Lamellibranchiata of Minnesota, by 
E. O. Ulrich; (2) New species of Ammonites, by J. F. Whiteaves. Ottawa 
Naturalist, volume 8, number 8, 1895, pages 160-161. 

Report of the Geological Branch, 1894-95. Addressed to the Council of the 
Ottawa Field-Naturalists’ Club. Ottawa Naturalist, volume 9, number 3, 
1895, pages 167-169. 

Notes, reviews and comments. Glacial deposits in Europe and America, by 
James Geikie. Ottawa Naturalist, volume 9, number 8, 1895, pages 170-171. 

Dr. George Lawson, Ph.D., F. R. S. C., and Don Antonio del Castillo, F. G. S., 
etcetera. (Obituary notices.) Ottawa Naturalist, volume 9, number 9, 
1895, pages 180-181. ; 

Fossil insects from the Leda clays of Ottawa and vicinity. Ottawa Naturalist, 
volume 9, number 9, 1895, pages 190-191. 
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Notes on Canadian fossil Bryozoa. Canadian Record of Science, volume 6, 
number 4, 1895, pages 222-229. 

1896 

Notes, reviews and comments. Dr. Wilson’s atlas of the fertilization and 
karyokinesis of the ovum; Dr. Whiteaves on cretaceous fossils from British 
Columbia; Dr. Coleman on glacial and interglacial deposits near Toronto, 
etcetera, Ottawa Naturalist, volume 9, number 10, 1896, pages 205-206. 

Notes on some fossils from the Trenton of Highgate Springs, Vermont, near 
the Canadian boundary line. Ottawa Naturalist, volume 9, number 10, 
1896, pages 215-216. 

Notes, reviews and comments. The animal nature of Eozoon, by Sir Wm. 
Dawson. Ottawa Naturalist, volume 9, number 11, 1896, pages 228-229, 
Report of Geological Branch. Addressed to the Council of the Ottawa Field- 
Naturalists’ Club. Ottawa Naturalist, volume 10, number 1, 1896, pages 

17-18. 

Note on Cardinia subangulata Dawson and Arca puntifer Dawson. Ottawa 
Naturalist, volume 10, number 2, 1897, page 44. 

Field day and excursion to Chelsea, Quebec. Ottawa Naturalist, volume 10, 
number 3, 1896, pages 65-68. 

Royal Geographical Society of London. Awards to Messrs. J. B. Tyrrell and 
A. P. Low, of the Geological Survey of Canada. Ottawa Naturalist, volume 
10, number 3, 1896, page 70. 

The National Museum. Ottawa Naturalist, volume 10, number 4, 1896, pages 
80-81. 

Some Colonial Museums. (1) The South African Museum; (2) Hobart Mu- 
seum, Tasmania; (3) Otago Museum, Dunedin, New Zealand; (4) Christ 
Church Museum, New Zealand; (5) Colonial Museum, New Zealand; (6) 
Auckland Museum, New Zealand; (7) Australian Museum, Sydney; (8) 
Mining and Geological Museum, Sydney; (9) MeLean Museum, Sydney ; 
(10) Technological Museum, Sydney. Ottawa Naturalist, volume 10, 
number 4, 1896, pages 81-83. 

Reviews of the recent geological books. (1) Viscosity in liquids, by Anthony 
McGill; (2) The Middle Atlantic Coast Eocene, by W. B. Clark; (8) Queen 
Charlotte Islands, crustacea, by Dr. Henry Woodward. Ottawa Naturalist, 
volume 10, number 3, 1896, pages 89-91. 

The Royal Society of Canada. (An account of the fifteenth annual meeting.) 
Ottawa Naturalist, volume 10, number 5, 1896, pages 103-112. 

Obituary. Sir Joseph Prestwich and G. E. Daubrée. Ottawa Naturalist, vol- 
ume 10, number 6, 1896, pages 118-119. 

The chemical laboratories at the Central Experimental Farm. Ottawa Nat- 
uralist, volume 10, number 6, 1896, pages 119-120. 

Notes, reviews and comments. Notices of titles and abstracts of Geological 
papers by F. D. Adams, Dr. J. B. Harrington, F. W. Sardeson, R. Chalmers, 
T. C. Weston, J. F. James, N. H. Winchell, Charles E. Beecher, R. H. 
Traquair, G. J. Hinde, G. F. Matthew, A. R. C. Selwyn, F. B. Taylor, and 
other geologists, bearing on Canada. Ottawa Naturalist, volume 10, 
number 6, 1896, pages 120-128. 


| 
| 
tia. 
‘ati- 
H. 
the 
The 
list, 
Awa 
|_| } 
by 
awa 
the 
r 3, 
by 
171. 
r 9, if 
list, 


36 PROCEEDINGS OF THE TULSA MEETING 


Notes, reviews and comments. (1) American Association for the Advance- 
ment of Science (Buffalo meeting), 1896; (2) Essai de Paléographie, by 
F. Cairn. Ottawa Naturalist, volume 10, number 7, 1896, pages 140-141. 

Ottawa Field-Naturalists’ Club. Last excursion of the season to Galetta, 
Ontario. Ottawa Naturalist, volume 10, number 7, 1896, pages 141-144. 

New species of Graptolites from Canada. Ottawa Naturalist, volume 10, 
number 8, 1896, pages 145-147. 

Charles Wachsmuth, Paleontologist. (Obituary notice.) Ottawa Naturalist, 
volume 10, number 8, 1896, page 150. 

Notes, reviews and comments. Bibliographic notes and notices, and reviews 
of papers by Dr. G. F. Matthew, J. B. Tyrrell, L. M. Lambe, G. Van Ingen 
and T. G. White, H. P. Cushing, Sir Archibald Geikie, Dr. L. W. Bailey, 
Dr. J. W. Spencer, and A, Hyatt, on various biological or geological sub- 
jects. Ottawa Naturalist, volume 10, number 8, 1896, pages 152-163. 

Notes, reviews and comments. (1) Rainey Lake Anorthosites, by Dr. Coleman ; 
(2) The genesis of Lake Agassiz, by J. B. Tyrrell. Ottawa Naturalist, 
volume 10, number 9, 1896, pages 183-184. 

Preliminary list of the organic remains occurring in the various geological 
formations in the southwest quarter-sheet map of the eastern townships 
of the Province of Quebec. Annual Report of the Geological Survey of 
Canada, volume 7, new series, 1896, pages 113-157. 

Notes on some of the fossil organic remains in the geological formations and 
outliers of the Ottawa Paleozoic Basin. Transactions of the Royal Society 
of Canada, second series, volume 2, section 4, 1896, pages 451-158. 


1897 

Notes, reviews and comments. (1) Canadian Stromatoporoids; (2) Review of 
Bulletin of the Natural History Society of New Brunswick, number 14, 
66 pages, issued 1896; (3) the Geological Survey of Canada, Annual Re- 
port, volume 7. Ottawa Naturalist, volume 10, number 10, 1897, pages 
196-200. 

Notices and reviews of recent geological literature. (1) Classification of 
Trilobites, by Dr. C. E. Beecher; (2) Sulurien strata in the Big Horn 
Mountains, Wyoming; (3) Papers by W. O. Crosby, J. G. Aguilera, S. Cal- 
vin, T. L. Watson, J. B. Kimball, T. W. Stanton, J. J. Jahn, and others. 
Ottawa Naturalist, volume 10, number 12, 1897, pages 227-232. 

Earthquake at Ottawa of March 23d, 1897. Ottawa Naturalist, volume 10, 
number 12, 1897, page 232. 

Report of the Geological Branch of the Ottawa Field-Naturalists’ Club, for 
1896-97. Ottawa Naturalist, volume 11, number 1, 1897, pages 17-19. 

Contribution to the paleontology of the Post-Pliocene deposits of the Ottawa 
Valley. Ottawa Naturalist, volume 11, number 1, 1897, pages 20-26. 

Obituary notices, (1) The late N. J. Giroux, pages 68-70; (2) the late Prof. 
E. D. Cope, pages 70-71. Ottawa Naturalist, volume 11, number 3, 1897, 
pages 68-71. 

The Royal Society, London, England. The Ottawa Naturalist, volume 11, num- 

ber 6, 1897, pages 122-123. 


I 


I 
4 ( 
4 
0 
T 
F 
B 
O 
y 
N 
Tl 
Or 
Ne 
Pr 
Re 
4 
ine 
j 


list, 


ews 
gen 
ley, 
sub- 


an; 
list, 


ical 
nips 
of 


and 
iety 


BIBLIOGRAPHY OF H. M. AMI 37 


Notes on the geology of Chelsea, Quebec, and some of its bearings upon the 
geology of Ottawa. Ottawa Naturalist, volume 11, 1897, pages 125-127. 
(Reprinted with emendations, 1898, Ottawa.) 

Obituary. Edmond von Mojsesovies. Ottawa Naturalist, volume 11, number 8, 
1897, page 158. 

Recent geological publications. W. D. Matthew, A. P. Coleman, A. Blue, and 
others. Ottawa Naturalist, volume 11, number 8, 1897, page 159. 

Synopsis of the geology of Montreal. 5 pages, author’s edition, December, 
1897. Exhibit of the British Medical Association guide and souvenir, 
Montreal, 1897, pages 45-49. 

Review of “The Geological and Natural History Survey of Minnesota, 1892- 
1896, volume 3, part 2, Paleontology.” American Geologist, volume 19, 
1897, number 5, pages 346-349. 

On some new or hitherto little known Paleozoic formations in northeastern 
America, Report of the British Association for the Advancement of 
Science, 1897, 1898, page 657. 

1898 

On the state of the principal museums in Canada and Newfoundland. Report 
of the British Association, section C, Toronto, 1897, 1898, 13 pages. 

The mastodon in western Ontario. (Abstract.) Science, new series, volume 7, 
1898, page 80. 

The Geological Society of America, Tenth winter meeting, Montreal, Canada, 
1897. Ottawa Naturalist, volume 11, number 12, 1898, pages 221-224. 
Fresh water found by boring in granite and other hard crystalline rocks. 

Ottawa Naturalist, volume 12, number 4, 1898, pages 89-90. 

British Association for the Advancement of Science. Ottawa Naturalist, vol- 
ume 11, number 10, 1898, pages 190-192. 

Obituary, James Hall, paleontologist. Ottawa Naturalist, volume 12, number 
6, 1898, pages 114-115. 

Notes and reviews. (a) Natural history in New Brunswick, (b) Moulding 
marble under pressure. Ottawa Naturalist, volume 12, numbers 7 and 8, 
1898, pages 143-145. 

Note on the physiography and geology of King’s County, Nova Scotia. Ottawa 
Naturalist, volume 12, numbers 7 and 8, 1898, pages 149-150. 

The Geological Society of America. (The eleventh annual winter meeting, 
New York.) Ottawa Naturalist, volume 12, numter 10, 1899, pages 194-198. 

Notes, reviews and comments. The fossils of the Hamilton formation, by J. F. 
Whiteaves. Ottawa Naturalist, volume 12, number 10, 1899, pages 202-203. 

The late Professor H, Alleyne Nicholson. Ottawa Naturalist, volume 12, num- 
ber 10, 1899, page 204. 

On the burrowing habits of Cambarus, the crayfish. Ottawa Naturalist, vol- 
ume 12, number 12, 1899, page 267. 

Notes, reviews and comments. (a) Giant ripple marks, (b) Fine microscopical 
material. Ottawa Naturalist, volume 12, number 112, pages 269-270, 1899. 

Progress of geological work in Canada during 1898. Ottawa Naturalist, volume 
18, number 2, 1899, pages 52-55. 

Reviews. (a) The gold measures of Nova Scotia and deep mining, by E. R. 
Faribault, (b) Wachsmuth and Springer’s monograph on Crinoids; F. A. 


nce- 
by 
tta, 
10, 
of : 
14, 
Re- 
ges 
of a 
orn 
Cal- 
ers. : 
10, 
for 
rof. 
397, 
{ 
| 


38 PROCEEDINGS OF THE TULSA MEETING 


Bather, notes thereon. Ottawa Naturalist, volume 13, number 4, 1899, 
pages 114-115. 

Paleontological notes. Notice of Paleontological writings in summary re- 
_ porting Geological Survey, Canada. Ottawa Naturalist, volume 13, num- 
ber 4, 1899, page 116. 

Excursion to Queen’s Vark, Aylmer. (Paleontological and stratigraphical 
notes.) Ottawa Naturalist, volume 13, number 5, 1899, pages 131-132. 
Excursion to Cumberland, Ontario. (Paleontological and stratigraphical 
notes.) Ottawa Naturalist, volume 13, number 5, 1899, pages 133 134. 
Obituary. O. C. Marsh. Ottawa Naturalist, volume 13, number 5, 1899, pages 

135-136. 

Review. T. C. Weston’s reminiscences among the rocks. Ottawa Naturalist, 

volume 18, number 7, 1899, page 174. 
1899 

Belinurus grandarus, a new species of Paleozoic crustaceans, recently described 
by Prof. T. R. Jones and Dr. Henry Woodward, from the EKo-Carboniferous 
of Riversdale, Nova Scotia. Ottawa Naturalist, volume 13, number 9, 1899, 
pages 207-209, 

On some Cambro-Silurian and Silurian fossils from the Lake Nipissing, Temis- 
caming and Mattawa outliers. Appendix 11, part 1, Geological Survey, 
Canada (annotated report), volume 10, part 1, 1899, pages 289-302. 

On a new or hitherto unrecognized geological horizon, in the gas and oil region 
of western Ontario, Canada. Journal of the Canadian Mining Institute, 
volume 186-191, two plates and several figures, 1899. 

On the geology of Wolfville and part of the basin of Minas, Nova Scotia. The 
Evangeline Journal, page 2, third edition, 1899. 

Report on the age of certain Paleozoic formations in Kings, Hants, Antigonish, 
Annapolis, Colchester and Cumberland, in Nova Scotia. Summary report 
of the Geological Survey Department for years 1898, pages 180-182. 

List of fossil organic remains from the altered gray slates with shaly bands 
from 6 miles west of Canterbury station, along the Saint Andrew’s and 
Woodstock branch, Canadian Pacific Railroad. Summary report for 1898, 
Geological Survey of Canada, 1899, page 137. 

Note on the geology of Duck Islands, Lake Huron. Summary report of the 
Geological Survey Department for the years 1898, 1899, pages 176-180. 
Report of the Geological Branch (addressed to the Council of the Ottawa Field- 
Naturalists’ Club, Mareh, 1899). Ottawa Naturalist, volume 13, number 
9, 1899, pages 218-223. (Paleontological and stratigraphical notes in Ot- 

tawa district.) 

Memoir of Sir J. William Dawson, by Frank D. Adams, with bibliography by 
H. M, Ami. Bulletin of the Geological Society of America, volume 2, 1899, 
pages 550-580, with plate. 

Sir William Dawson. L’Aurore, 34e année, numero 50, 1899, pages 4 and 5, 
Montreal. 


Silurian fossils recorded from Burnt Island, Manitoulin Island, Lake Huron, 
the nearest outcrop of fossiliferous limestone to the Duck Islands. Sum- 
mary report of the Geological Survey Department for year 1898, page 
179. 


B 


N 


Ol 


Ne 


Ge 


O 
P 
A 
| 
Al 
T 
O1 
ae 
01 
= 
4 


BIBLIOGRAPHY OF H. M. AMI 39 


On some Trenton (Ordovician) fossils from the light-gray limestones of Cum- 
berland, County of Russell, Ontario, Canada, Ottawa Naturalist, volume 
13, number 10, 1900, pages 238-240. 

Paleontological notes. New species recently described and recorded by Dr. G. 
F. Matthew. (a) From the Upper Cambrian of Mount Stephen, British 
Columbia. (b) Cambrian faunas from Newfoundland. (c) The Etche- 
minian fauna of Smith Sound, Newfoundland. A new trilobite from 
Mount Stephen, British Columbia, described by Mr. F. R. Cowper Reed. 
Ottawa Naturalist, volume 13, number 10, 1900, pages 240-244. 


1900 

Progress of geological work in Canada during 1899. Canadian Record of 
Science, volume 8, number 4, 1900, 15 pages. 

Annual address of the President of the Ottawa Field-Naturalists’ Club, deliv- 
ered November 28, 1899. Ottawa Naturalist, volume 13, number 11, 1900, 
pages 263-276. 

Appendix to President’s address, delivered before the Ottawa Field-Naturalists’ 
Club. Ottawa Naturalist, volume 13, number 12, 1900, pages 279-294, also 
295-315. 

Book notices and reviews. Mr. B. E. Walker's paper, Canadian surveys and 
museums and the need of increased expenditure thereon. Ottawa Natural- 
ist, volume 14, number 4, 1900, pages 74-76. 

The Billings memorial. <A portrait to be placed in the Geological Survey De- 
partment. Ottawa Naturalist, volume 14, number 5, 1900, pages 91-92. 

On the occurrence of a species of Whittleseya in the Riversdale formation (Eo- 
Carboniferous) of the Harrington River along the boundary line between 
Colchester and Cumberland Counties, Nova Seotia, Canada. Ottawa Na- 
turalist, volume 14, number 5, 1900, pages 99-100. 

Notes bearing on the Devono-Carboniferous problem in Nova Scotia and New 
Brunswick. (Based on Dr. David White's recent report, “The stratigraphic 
succession of the fossil floras of the Pottsville formation in the southern 
anthracite coal field, Pennsylvania.”) The Ottawa Naturalist, volume 14, 
number 6, 1900, pages 121-127. 

A national museum. Ottawa Naturalist, volume 14, number 8, 1900, pages 
151-152. 

Obituary. (1) Charles Jules Edmé Brongmiart. (2) Wilhelm Heinrich Waagen. 
Ottawa Naturalist, volume 14, number 9, 1900, pages 174-175. 

On the subdivisions of the Carboniferous system in eastern Canada, with spe- 
cial reference to the position of Union and Riversdale formations of Nova 
Scotia, referred to the Devonian system by some Canadian geologists.— 
Transactions of the Nova Scotian Institute of Science, volume 10, Session 
1899-1900, pages 162-178. 

Note on some of the formations belonging to the Carboniferous system in east- 
ern Canada. Canadian Record of Science, volume 8, number 3, 1900, 
pages 149-168. 

Geological Survey of Canada, Annual report. New series, volume 10, Ottawa, 
December, 1899, [Notice] Canadian Record of Science, volume 8, number 8, 
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1900, pages 201-208. Also Science, new series, volume 11, number 265, 
February 16, 1900, pages 266-268, 

Sir John William Dawson. The American Geologist, volume 26, number 1, 
July, 1900, pages 1-46. (Also as separate with emendations and additions 
to the bibliography, etcetera.) 

Canadian geological nomenclature, by Doctor R. W. Ells, Transactions of the 
Royal Society of Canada, volume 5, second series, section 4, pages 3-38. 
Ottawa Naturalist, volume 8, number 10, 1900, pages 251-252. 

Royal Society of Canada. Report of nineteenth meeting, held at Ottawa, May 
28-31, 1900. Science, June, 1900, pages 1020-1024. 

Report of the Ottawa Field-Naturalists’ Club, 1900. Transactions of the Royal 
Society of Canada, second series, 1900-1901, volume 6, Proceedings, pages 
1x-lxii. 

-alaeontological notes. Arctic fossils recently described’ by Professor R. P. 
Whitfield. Ottawa Naturalist, volume 14, number 10, 1901, pages 190-191. 

Book notice. The Paleozoic forms of Para, Brazil (including description of a 
new species from the Middle Silurian of Cape East, Anticosti, Canada) by 
J. M. Clarke. Ottawa Naturalist, volume 14, number 10, 1901, pages 191- 
194, 

Annual address of the President of the Ottawa Field-Naturalists’ Club delivered 
December 11, 1900 (containing a summary of the work of the club during 
the past year, and brief biographical notes on Archibald Lampman and 
Elkanah Billings. Ottawa Naturalist, volume 14, number 11, 1901, pages 
197-211. 

Review of Dowling’s “Index to the reports of progress for the Geological Sur- 
vey of Canada from 1863-1884.” Ottawa Naturalist, volume 14, number 
12, March, 1900, pages 235-236. 


1901 

On the geology of the principal cities in eastern Canada. Transactions of the 
Royal Society of Canada, second series, volume 6, section 4, 1901, pages 
125-126 (with systematic tables). 

Synopsis of the geology of Canada. Being a summary of the principal terms 
employed in Canadian geological nomenclature. Transactions of the Royal 
Scciety of Canada, second series, volume 6, section 4, 1901, pages 187-225. 

Paleontological notes. Records of British North American species. Observa- 
tions on and descriptions of Arctic fossils, by R. P. Whitfield. Ottawa 
Naturalist, volume 14, number 10, 1901, pages 190-196. 

Addenda and corrigendum to “Progress of geological work in Canada during 
1899. Canadian Record of Science, volume 8, number 5, 1901, pages 329- 
331. 

Summary report of a paleontological survey of the Silurian formations along 
the Arisaig coast of Antigonish County, Nova Scotia, and of work carried 
on in the office of the Geological Survey of Canada for the year 1900. 
Summary report of the Geological Survey Department for year 1901, pages 
178-182. 

Notice of Professor E. D. Cope’s article “On Cyphornis, an extinct genus of 
birds.” Canadian Record of Science, volume 8, number 5, 1901, pages 331- 
332. 
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On a new and hitherto unrecognized geological formation in the Devonian 
system of Canada. Canadian Record of Science, volume 8, number 5, 1901, 
pages 296-305. 

Brief biographical sketch of Elkanah Billings (with portrait, and list of his 
writings). American Geologist, volume 27, number 5, 1901, pages 265-281. 

The Knoydart formation in Nova Scotia—a bit of the Old red sandstone of 

Europe. Notice of paper by H. M. Ami, read before the Geological Society 

of America at the Albany meeting, December, 1900, giving the subdivisions 

of Silurian of the Arisaig coast of Nova Scotia. Science, volume 13, 

1901, page 133. 

Knoydart formation of Nova Scotia. Bulletin of the Geological Society of 
America, volume 12, 1901, pages 301-312. 

Stratigraphical note (giving subdivisions of the Devonian and Silurian of the 
Arisaig coast, Nova Scotia. Science, new series, volume 13, number 323, 
1901, pages 394-395. 

George Mercer Dawson. American Geology, volume 28, number 2, 1901. 

The Ordovician succession in eastern Ontario. Read before the Geological 
Society of America, Rochester meeting, December 31, 1901. Abstract, 
Science, new series, volume 15, number 386, 1902, page 82. 

Bibliography of Canadian geology and paleontology for the year 1900. Tran- 
sactions of the Royal Society of Canada, volume 7, section iv, 1901, pages 
123-133 ; for 1901, ibid., volume 8, section iv, 1902, pages 169-182; for 1902, 
ibid., volume 9, section iv, 1902, pages 173-188; for 1903, ibid.. volume 10, 
section 4, 1905, pages 207-219; for 1904, ibid., volume 11, section iv, 1906, 
pages 127-142; for 1905, ibid., volume 12, section iv, 1906, pages 301-326 ; 
for 1906, ibid., volume 1, section iv, 1907, pages 143-156; for 1907, ibid., 
volume 3, section iv, 1910, pages 191-204. 

The late George Mercer Dawson. Ottawa Naturalist, volume 15, 1901, pages 
43-52. 

Bibliography of Dr. George Mercer Dawson. Ottawa Naturalist, volume 15, 
1901, pages 202-213; transactions of the Royal Society of Canada, volume 
8, section iv, 1902, pages 192-201; Canadian Record of Science, volume 8, 
1902, pages 503-516. 

Stratigraphical note. Devonian and Silurian of Antigonish County, Nova 
Scotia. Science, new series, volume 13, 1901, pages 394-395. 

Report on work. The annual report of the Geological Survey of Canada, vol- 
ume 13, part A, 1901, pages 178-180. 

Lists of fossils obtained from the several formations along the Ottawa River 
pertaining to the report on sheet number 121, Quebec and Ontario (Gren- 
ville sheet). The annual report of the Geological Survey of Canada, vol- 
ume 12, part J, 1901, pages 139-143. 

Preliminary lists of the organic remains occurring in the various geological 
formations comprised in the map of the Ottawa district, including forma- 
tions in the provinces of Quebec and Ontario, along the Ottawa River. 
The annual report of the Geological Survey of Canada, volume 12, part G, 
1901, pages 49-77. 


1902 
Esquisse géologique du Canada, on matériaux pour servir a la préparation d’un 
chronographe géologique pour le Canada. Naturaliste Canadien, volume 
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28, 1901, pages 194-202 ; volume 29, 1902, pages 3-14, 19-30, 35-46, 52-61, 73-80. 

On the possible occurrence of a coal area beneath the Neo-Carboniferous or 
Permian strata of Preston County, Nova Scotia. Journal of the Canadian 
Mining Institute, volume 5, 3 figures, 1902, pages 358-364. 

Description of tracks from the fine-grained siliceous mudstones of the Knoy- 
dart formation (Eo-Devonian) of Antigonish County, Nova Scotia. Tran- 
sactions of the Nova Scotia Institute of Science, volume 10, 1902, pages 
330-332, 1 plate. 

The Cambrian age of the Dictyonema slates of New Canaan and Kentville, 
Nova Scotia. Geology Magazine, decade 4, volume 9, 1902, pages 218-220. 

Artesian wells, paleontology, archeology, bibliographies, etcetera. The annual 
report of the Geological Survey of Canada, volume 14, part A, 1902, pages 
260-267. 

The Union and Riversdale formations in Nova Scotia. Science, new series, 
volume 15, 1902, page 392. 

Field notes on the geology of the country about Chelsea, Que. Ottawa Natural- 
ist, volume 16, 1902, pages 149-151. 

Brief description of the map of the Ottawa district. Ottawa Naturalist, vol- 
ume 16, 1902, pages 187-189. 

Annual report of the geological section of the Ottawa Field-Naturalists’ Club 
for the year 1901-1902. Ottawa Naturalist, volume 15, 1902, pages 254-262. 

The great Saint Lawrence-Champlain-Appalachian fault of America and some 
of the geological problems connected with it. Geological Magazine, volume 
9, 1902, page 425. The proceedings of the abstract of the Geological So- 
ciety of London, No. 764, 1902, pages 129-130. 


1903 

Meso-Carboniferous age of the Union and Riversdale formations, Nova Scotia. 
Bulletin of the Geological Society of America, volume 13, 1903, pages 533- 
535. 

Paleontology and chronological geology. The annual report of the Geological 
Survey of Canada, volume 15, part A, 6 figures, 1903, pages 319-338. 

Resources of the country between Quebec and Winnipeg along the line of the 
Grand Trunk Pacific Railway, 179 pages, 1 map. S. E. Dawson, printer 
to the King’s Most Excellent Majesty, 1903. 

On the Upper Cambrian age of the Dictyonema slates of Angus Brook, New 
Canaan and Kentville, Nova Scotia. Transactions of the Nova Scotia 
Institute of Science, volume 10, 1903, pages 447-450. 


1904 

Synoptical table of geological formations about Montreal, Canada (with F. D. 
Adams). The annual report of the Geological Survey of Canada, volume 
14, part O, 1904, nages 26-29. 

Preliminary lists of fossil organic remains from the Potsdam, Beekmantown 
(Calciferous), Chazy, Black River, Trenton, Utica, and Pleistocene forma- 
tions comprised within the Perth sheet (No. 119) in eastern Ontario. 
The annual report of the Geological Survey of Canada, volume 14, part 
J, 1904, pages 80-89. 
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1905 
Notes on a collection of organic remains from the ferruginous and friable 
slates of Messenger Brook, Torbrook, Nova Scotia. The annual report of 
the Geological Survey of Canada, volume 16, part A, 1905, pages 385-387. 
Determinations of fossil plants from various localities in British Columbia and 
the Northwest Territories, with notes on the geological horizon indicated 
(with D. P. Penhallow). Geological Survey Canada Annual Report, vol- 
ume 6, part A, 1905, pages 389-392. 
Preliminary list of the fossils collected by Professor L. W. Bailey from various 
localities in the province of New Brunswick during 1904. Geological Sur- 
vey of Canada Annual Report, volume 16, part A, 1905, pages 289-292. 
Description of a species of Bythotrephis from the dark-gray calcareous and 
indurated slates collected by Mr. J. B. Tyrrell from a locality along the 
Unihani River, 7 miles north of Dalton’s Post, Yukon Territory. Geologi- 
cal Survey of Canada Annual Report, volume 16, part A, 1905, page 888. 
Sketch of the life and work of the late Dr. A. R. C. Selwyn. American Geol- 
ogist, volume 31, 1903, pages 1-21; Transactions of the Royal Society of 
Canada, volume 10, section iv, 1905, pages 173-205. 
The first ep-Archean formation (abstract with discussion) : Science, new series, 
volume 17, 1903, pages 290-291. 
The late Dr. A. R. C. Selwyn; his work in Canada. Canadian Mining Review, 
volume 24, 1905, pages 175-176. 
An the geology of Carp [Ontario] and environs. Ottawa Naturalist, volume 19, 
1905, pages 92-93. 
1906 
Notes on an interesting collection of fossil fruits from Vermont in the museum 
of the Geological Survey of Canada. Ottawa Naturalist, volume 20, 1906, 
pages 15-17. 
Report on work. Geological Survey of Canada Summary Report, 1906, pages 
176-177. 
Preliminary list of organic remains from Beechey Island, Lancaster Sound, in 
the district of Franklin. Cruise of the Neptune, 1906, pages 329-336. 
Report of the geological branch of the Ottawa Field-Naturalists’ Club for 
1905-6. Ottawa Naturalist, volume 19, 1906, pages 209-214. 
1907 
Preliminary lists of organic remains from the Chazy, Black River, Trenton, 
and Pleistocene formations comprised within the area of the Pembroke 
sheet (number 122). Geological Survey of Canada Publication 977, 1907, 
pages 47-71. 
1909 
Invertebrate paleontology. Ceological Survey of Canada Annual Report, 1908; 
1909, pages 179-181. 
1915 
North America: Volume I, Canda and Newfoundland. Revised edition, 1069 
pages, maps, illustrations. FE. Stanford, Limited, London, 1915. 
1927 
Memorial of Robert Bell. Geological Society of America Bulletin, volume 38, 
number 1, March 30, 1927, pages 18-34. 
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MEMORIAL OF SAMUEL WALKER BEYER + 
BY H. FOSTER BAIN 


Samuel Walker Beyer was born at Clearfield, Pennsylvania, May 15, 
1865, and died as a result of an automobile collision with a train near 
Towa Falls, lowa, June 2, 1931. Beyer came of German ancestry through 
Pennsylvania. His father, Abraham Beyer, moved to Iowa and settled 
in Worth County near Mason City when Samuel was a small boy, so 
that his whole career was bound up with the State he served so many 
years. He studied first in the public schools, going from there to Cedar 
Valley Seminary at Osage, and from thence to lowa State College at Ames, 
with which he was thereafter always connected. He took his B. 8. degree 
in 1889 and entered Johns Hopkins two years later for graduate instruc- 
tion. He received the degree of Ph. D. from that institution in 1895 
and the following year attended the meeting of the International Geologi- 
cal Congress in Russia. At the close of the sessions he went to Germany 
and spent the winter of 1896-97 at the University at Munich. Returning 
in the spring, he took up regular work as a teacher at Ames as head of 
the Department of Geology and Mining Engineering. He became Vice- 
Dean of the Engineering Division in 1908, and in 1917-18 served as 
Dean while A. Marston was away on war duty. From 1919 on he was 
Dean of Industrial Science. He became a member of the lowa Geological 
Survey when it was established in 1892, and many of his papers were 
published through that institution. He was an active member of the 
Towa Academy of Science, the Society for the Promotion of Engineer- 
ing Education, and belonged to the American Institute of Mining and 
Metallurgical Engineers and the Geological Society of Washington. He 
became a Fellow of the Geological Society of America in 1896. 

In 1893 Beyer married one of his schoolmates, Jennie Morrison, of 
Hedrick, Iowa. They had two daughters, Jeanette (Mrs. Clive McCay), 
of Ithaca, N. Y., and Mary Morrison, now a student at Ames. 

Beyer’s first interest in life was as a teacher, and in the long years he 
served his Alma Mater he helped and stimulated hundreds of young men 
and women. He was quiet and reserved but friendly. He took a keen inter- 
est in sport and gave an impression of soundness and strength that drew 
students to him and won their confidence. He was always active in 
college affairs. His contributions were numerous and important, as 
shown by the list of his publications. They dealt largely with Iowa 
geology and the mineral resources of the State and will form permanent 


1 Manuscript received by the Secretary of the Society October 21, 1931. 
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source books for long time to come. In his quiet way and in the field 
he knew best he did honest work of lasting value. 
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sity, Circulation, volume XV, 1895, page 10. 

yeology of Boone County. Iowa Geological Survey, volume V, Des Moines, 
1896, pages 167-232. 

Sioux quartzite and certain associated rocks. lowa Geological Survey, vol- 
ume VI, Des Moines, 1897, pages 67-112. 

Evidence of sub-Aftonian till-sheet in northeastern Iowa. Proceedings of the 
Iowa Academy of Science, volume IV, Des Moines, 1897, pages 58-62. 

Geology of Marshall County. Iowa Geological Survey, volume I1, Des Moines, 
1897, pages 197-262. 

Geology of Story County. Iowa Geological Survey, volume IX, Des Moines, 
1899, pages 155-245. 

Buried loess in Story County. Proceedings of the Iowa Academy of Science, 
volume VI, Des Moines, 1899, pages 117-121. 

Mineral production of Iowa in 1898. Iowa Geological Survey, volume IX, Des 
Moines, 1899, pages 31-48. 

Report of Assistant Geologist for 1898. Iowa Geological Survey, volume IX, 
Des Moines, 1899, pages 28-29. 

Mineral production of Iowa in 1899. Iowa Geological Survey, volume X, Des 
Moines, 1900, pages 41-58. 

Report of Assistant Geologist. Iowa Geological Survey, volume X, Des Moines, 
1900, pages 36-38. 

Geology of Hardin County. Iowa Geological Survey, volume X, Des Moines, 
1900, pages 243-305. 

Mineral production of Iowa in 1900. Towa Geological Survey, volume XT, Des 
Moines, 1901, pages 37-53. 

Report of Assistant Geologist. Iowa Geological Survey, volume XI, Des 
Moines, 1901, page 35. 

Mineral production of Iowa in 1901. Iowa Geological Survey, volume NIT, 
Des Moines, 1902, pages 37-61. 

Beyer, S. W. and L. E. Young: Geology of Monroe County. Towa Geological 
Survey, volume XIIT, Des Moines, 1903, pages 353-483. 

Iowa’s iron mine. Engineering and Mining Journal, volume LXXIII, New 
York, 1902, pages 275-276. 

Mineral production of Iowa in 1902. Towa Geological Survey, volume XIV. 
Des Moines, 1904, pages 7-26. 

Mineral production of Iowa in 1903. Iowa Geological Survey, volume XIV, 
Des Moines, 1904, pages 645-655. 

Beyer, S. W. and I, A. Williams: Directory of Iowa clay workers. Iowa Geo- 
logical Survey, volume XTV, Des Moines, 1904, pages 621-643. 

Beyer, S. W. and I. A. Williams: Geology of clays. Iowa Geological Survey, 
volume XIV, Des Moines, 1904. pages 277-552. 
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Beyer, S. W. and I. A. Williams: Technology of clays. Towa Geological Sur- 
vey, volume XIV, Des Moines, 1904, pages 29-318. 

Mineral production in Iowa in 1904. Iowa Geological Survey, volume XV, Des 
Moines, 1905, pages 15-32. 

Mineral production in Iowa in. 1905, Iowa Geological Survey, volume XVI, 
Des Moines, 1906, pages 17-36. 

Supplementary report on Portland cement materials in Iowa. Iowa Geological 
Survey, Bulletin Number 3, Des Moines, 1906, 36 pages. 

Mineral production in Iowa in 1906. Iowa Geological Survey, volume XVII, 
Des Moines, 1907, pages 11-25. 

Beyer, S. W. and Ira A. Williams: Geology of'quarry products. Iowa Geologi- 
eal Survey, volume XVII, Des Moines, 1907, pages 189-588. 

Beyer, Samuel W. and I. A. Williams: Materials and manufacture of portland 
cement. Iowa Geological Survey, volume XVII, Des Moines, 1907, pages 
29-85. 

Mireral production in Iowa in 1907, Iowa Geological Survey, volume XVIII, 
Des Moines, 1908, pages 11-28. 

Physical tests of Iowa limes. Iowa Geological Survey, volume XVII, Des 
Moines, 1907, pages 91-150. 

Coal statistics. Iowa Geological Survey, volume XIX, Des Moines, 1909, pages 
591-597. 

Mineral production in Iowa, in 1908. Towa Geological Survey, volume XIX, 
Des Moines, 1909, pages 1-20. 

Mineral production in Iowa in 1909 and 1910, Iowa Geological Survey, volume 
XXI, Des Moines, 1912, pages 1-28. 

Peat deposits in Iowa. Iowa Geological Survey, volume XIX, Des Moines, 
1909, pages 689-730. 

Beyer, S. W. and H. F. Wright: The road and concrete materials of Iowa. 
Iowa Geological Survey, volume XXIV, Des Moines, 1914, pages 33-685. 

Beyer, S. W. and H. F. Wright: Address of the President: Some problems in 
conservation. Proceedings of the Iowa Academy of Science, volume XXVI, 
Des Moines, 1919, pages 37-46. 


MEMORIAL OF ARTIIUR STARR EAKLE! 


BY CHARLES PALACHE 


Arthur Starr Eakle was born in Washington, D. C., on July 27, 1862, 
the son of Elias H. Eakle and Mary Frances Byington. While he was 
still a youth his father died of illness contracted during the Civil War, 
and after he had completed the grammar-school course in Washington he 
went to work, first in the Government Printing Office and later as a clerk 
in a shoe store. By much reading and through two years of night school 
at Columbian University he developed a growing interest in mathematics 
and prepared himself for college. Removing to Danbury, Conn., he still 
continued to earn a living as a clerk. But his mother, a woman of 


1 Manuscript received by the Secretary of the Society December 29, 1931. 
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strong character and marked ability, desired him to take up civil engineer- 
ing and to that end he entered Cornell University at the age of 25. Early 
in his course there he became interested in mineralogy and in his senior 
year had shown such marked progress in that field that he was called upon 
to teach it on account of the death of the instructor in the course, J. 
Francis Williams. 

Thus his life work was decided. He remained at Cornell for four 
years as Instructor of Mineralogy, having received the S. B. degree there 
in 1892. During this period he studied both petrography and miner- 
alogy. One of his jobs was to arrange and distribute to other institu- 
tions duplicate sets of the rocks collected by Williams at Magnet Cove 
and the Fourche Mountains for the Arkansas Geological Survey. These 
materials had been left in much confusion by the sudden and all too-early 
death of this able petrographer in 1891. Eakle’s predilection for crystal- 
lography was early shown, his first papers, published while serving at 
Cornell, including two on the crystal form of allanite and tourmaline. 

In 1894 he went abroad, settling down in Munich to study under 
Professor Groth for his doctorate. Here I first met him as one of a 
group of American students, including T. A. Jaggar, F. B. Peck and 
George E. Ladd. He was deep in mineral chemistry and in the measure- 
ment of crystals. His degree of Doctor of Philosophy was awarded in 
1896 on the basis of a thesis establishing by extensive crystallographic 
study the form relationships of a group of compounds of iodic and 
periodic acids. 

Returning to the United States in 1896 he settled for a while in Wash- 
ington, where he did some work in the National Museum. In 1898 he 
came to Harvard and for the next three years he worked with the writer 
in the greatest intimacy, chiefly engaged in the instruction of an elemen- 
tary course in mineralogy. Eakle had a bachelor’s room in the Museum 
the first year, and devoted all his spare time and many of his lonely 
evenings to the goniometer. I had brought back from Germany a slight 
knowledge of the methods of two-circle goniometry as taught by Profes- 
sor Victor Goldschmidt, and had secured one of his instruments. My 
fellow worker soon absorbed all I knew of these methods, became skilled 
in the use of the goniometer, and published his first results with it in a 
paper on the crystal form of miargyrite. This was the beginning of a 
lifelong fondness for the Goldschmidt methods shown in much of his 
later work. I still have as one of my most useful adjuncts to crystallo- 
graphic lectures a set of enlarged crystal figures of most of the commoner 
minerals which we made together. Cutting out the figures from a Dana’s 
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“Mineralogy” and throwing them with a reflectoscope upon the drawing 
paper, the magnified figures were lightly outlined in pencil and then inked 
in. Eakle had learned in his early training to do beautiful freehand 
lettering and he adorned these drawings with symbols and names in 
masterly style, thus doing the lion’s share of the work and giving me a 
lasting memorial of his patient skill and love of crystals. 

In 1899 Dr. Eakle was married to Miss Fannie Kinney, of Cleveland, 
Ohio, whom he had met abroad. He left his solitary room in the Museum 
to begin a vastly more congenial home life. 

In 1901 Eakle was called to the University of California as Professor 
Lawson’s assistant, and soon took over the whole of the mineralogical 
courses, which he continued to give to crowded classes for nearly thirty 
years thereafter. 

At Berkeley, Eakle had to deal with classes in elementary mineralogy 
so large that he early felt the necessity of employing determinative tables 
in his teaching. To this end he prepared his “Mineral Tables” for deter- 
mination by physical properties. These tables were on the lines of 
Weisbach’s well-known tables but much simplified. He found a con- 
genial field in California for his interest in descriptive mineralogical 
work and especially for the crystallographic side. One of his earliest 
papers was on colemanite, which still remains the best presentation in 
the English language of the methods of calculating crystal constants 
from two-circle measurements by Goldschmidt’s methods. In successive 
volumes of the Department Bulletin may found descriptions of a long 
list of minerals found in California and Nevada. The most important of 
these were full accounts of the minerals and paragenesis of the gold-silver 
ores of Tonapah and of the limestone contact deposit at Crestmore. He 
was soon enlisted in the service of the State Mineralogist to prepare a 
bulletin on the minerals of California. This appeared in 1914 as Bulletin 
67 with descriptions of some 325 species, giving the various occurrences 
of each in the State and a bibliography of all related publications. A 
second edition of this book appeared in 1923 as Bulletin 91, in which the 
number of species had grown to 381. 

Dr. Eakle became Professor of Mineralogy at the University of Cal- 
ifornia in 1919. He was one of the active agents in the organization of 
the Mineralogical Society of America in 1920 and became its sixth 
President in 1925. His address on retiring was a plea for an extension 
of mineralogic instruction downward into the public schools so that a 
much larger number of persons might be familiar with at least the ele- 
ments of the subject than now have such knowledge. He also expressed 
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the need of more books in the mineralogical field which were popular 
and readable for the layman. The testimony of his many students is 
unanimous to the effect that his own lectures were most interesting and 
it is to be regretted that he did not himself help to fill the gaps which 
he pointed out in his address. 

Eakle was not a great traveler. Beyond short excursions to localities 
within the State and several visits to Europe, he made only one longer 
trip. In 1907 he was a member of Dr. T. A. Jaggar’s expedition to 
Bogoslof Island and the Aleutian chain, but he wrote little on what he ob- 
served in Alaska. He helped to collect field data for the California Earth- 
quake Commission in 1907. In 1930 when he retired from active teach- 


ing he went to Honolulu with his wife and there found a most inviting 


field for study. He began actively to collect material for a description 
of the minerals of the Hawaiian Islands, and at once made interesting 
discoveries of undescribed localities and minerals. My last letters from 
him, written at the beginning of his work and a year later, were full of 
enthusiasm. “I have found some good material in one of the quarries 
(at Moilili, south of the University of Hawaii). The rock is a melilite 
nephelite basalt described by Cross, interesting petrographically, and for- 
tunately for me it contains veins and cavities full of minerals. Nephelite 
occurs in abundance, all in crystals . . . . associated are fine augites, 
kaliophilite, thomsonite, apophyllite and some not yet determined. I 
have no goniometer.” June 7, 1931, he writes: “I expect to make a spe- 
cial study of the olivines of these Islands as they show such a great 
variety. . . . Iam good for another year here if not longer. . . . 
I have plenty to keep me busy. There is no goniometer on the island so 
1 must find some capitalist who will put up the cash for the University 
to purchase one, as it is sadly needed for some of these zeolites.” 

Less than a month after this letter was written Eakle contracted 
influenza and after a few days’ illness passed away in the hospital in 
Honolulu on July 5, 1931. 

It is as a successful teacher of mineralogy that Eakle will be chiefly 
remembered. Through thirty years students flocked to his courses at 
Berkeley and they esteemed him both as teacher and friend. His wife 
writes of him: “He was essentially a man of simple, kindly nature, in 
his scientific work modest, and in his intercourse with friends and students 
helpful and always with unfailing good nature.” To this true and just 
estimate of the man I need add nothing. : 

Dr. Eakle was a Fellow of this Society from 1899, a charter member 
of the Mineralogical Society of America and its President in 1925, Fellow 
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of the American Association for the Advancement of Science, and mem- 
ber of the Washington Academy of Sciences, Sigma Xi and Sigma Gamma 
Epsilon. 

A memorial of Dr. Eakle was written by Dr. Harold T. Stearns of 
the University of Hawaii, in whose house in Honolulu he was living at 
the time of his last illness. It is printed in the Journal of the Pan- 
Pacific Research Institution, Volume VI, Number 4, 1931. 
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Minerals of California. California State Mining Bureau Bulletin, number 67, 
1914, pages 1-226. 
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Wilkeite, a new mineral of the apatite group, and okenite, its alteration pro.l- 
uct, from southern California (with A. F. Rogers). American Journal of 
Science, volume 37, 1914, pages 262-267. 


1916 
Xanthophyllite in crystalline limestone. Washington Academy of Sciences 
Journal, volume 6, 1916, pages 332-335. 


1917 
Minerals associated with the crystalline limestone at Crestmore, Riverside 
County, California. California University Department of Geology Bulle- 
tin, volume 10, 1917, pages 327-360. Description of the crystallography and 
chemical composition of about 50 mineral species. 
Mines and mineral resources of Alpine County, Inyo County and Mono County, 
California. Chapters of State Mineralogist’s Report, volume 15, for 1915- 
16, pages 1-24; pages 135-175, California State Mining Bureau, 1917. 
1920 
Vonsenite: A preliminary note on a new mineral, American Mineralogist, vol- 
ume 5, 1920, 141-143. 


1921 
Jurupaite: a new mineral. American Mineralogist, volume 6, 1921, pages 107- 
109. 
1922 


Massive troilite from Del Norte County, California. American Mineralogist, 
volume 7, 1922, pages 77-80. 
1923 
Minerals of California. California State Mining Bureau Bulletin, number 91, 
1923, pages 1-328. <A second edition of Bulletin, number 67, 1914. 


1925 
Foshagite, a new silicate from Crestmore, California. American Mineralogist, 
volume 10, 1925, pages 97-99. 
Camsellite from California. American Mineralogist, volume 10, 1925, pages 
100-102. 
1926 
Needed extension in mineralogic instruction. American Mineralogist, volume 
11, 1926, pages 45-52. 
1927 
Famous mineral localities: Crestmore, Riverside County, California. Ameri- 
ean Mineralogist, volume 12, 1927, pages 319-321. Description of the locality 
with a list of 64 minerals found there. 


1928 
Mineral names, American Mineralogist, volume 15, 1928, pages 533-536. 
1929 


Probertite, a new borate. American Mineralogist, volume 14, 1929, pages 427- 
430. 
1931 
The Minerals of Oahu. Mid-Pacifie Magazine, October, 1931, pages 341-343. 
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MEMORIAL OF CASSIUS ASA FISHER ! 


BY H. FOSTER BAIN 


Cassius Asa Fisher was born at Fremont, Nebraska, February 15, 1872, 
and died at Denver, Colorado, November 4, 1930, of angina pectoris, 
after an illness of but a few weeks. He was a vigorous man who came of 
pioneer stock, his father, Marcius Clay Fisher, having crossed the plains 
as a “Forty-niner” and returned later to Nebraska, where he became a 
landowner and farmer. Young Fisher was brought up on the great 
prairie plains of the West, and perhaps the broad outlook to which he 
became accustomed as a boy in the physical world entered into his later 
proved ability to make broad but sound generalizations in stratigraphy. 
He graduated from the Fremont Normal School in 1892, and went from 
there to the University of Nebraska at Lincoln soon after, taking his A. B. 
in 1898, and serving as fellow in geology 1898-92. He came under the 
inspiration of Barbour and was by him introduced to field work early, 
becoming a field assistant of the U. S. Geological Survey whose per- 
manent staff he later joined. In 1902-3 he went to Yale for post-graduate 
studies, serving at the same time as assistant instructor in geology. In 
1900 he received the degree of M.A. from the University of Nebraska, 
and in 1927 the same institution recognized the extent and value of his 
contributions to service by conferring on him the degree of Se. D. 

He became Assistant Geologist on the U.S. Geological Survey in 1896, 
was promoted to Geologist in 1909, and occupied an important position in 
that organization up to the time of his resignation in 1910 to enter private 
practice. He became Assistant Chief of the Fuels Section and had 
charge of extensive surveys of coal fields in the Rocky Mountain region. 
As a member of the Land Classification Board he had an important part 
in determining the policy of the Government in the early days of the con- 
servation movement. With George H. Ashley and A. C. Veatch, he 
worked out the basis of classifying and valuing coal lands that replaced 
the old one which took account only of nearness to railway lines. The 
method formulated at that time is still the basis of all such valuation. 

While on the Survey, Fisher, at first with N. H. Darton, then alone, 
and later when in charge of field parties, conducted extensive studies of 
the rocks of the Rocky Mountain region, and made important contribu- 
tions to the stratigraphy especially of the eastern front and outlying 
ranges as is reflected in the list of publications following. 


1 Manuscript received by the Secretary of the Society October 21, 1931, 
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In 1910 Fisher resigned from the Survey to enter into partnership with 
Ralph Arnold as specialists on coal and oil lands. The partnership con- 
tinued some two years with Fisher in charge of the Denver office and 
was very successful. The firm was then dissolved and he practiced alone 
until 1917, when with H. W. Lowrie, Jr., the firm of Fisher and Lowrie 
was formed. He continued as senior member of this firm up to the time 
of his death. 

While after 1910 Fisher’s time was mainly devoted to private work, 
he was from time to time called back into temporary Government service. 
Having made in 1909, on behalf of the Department of Interior, a study 
of the famous Cunningham coal claims in Alaska, he went back in 1912 
to make a study for the Bureau of Mines and the Navy of possible coal 
supplies and coal bases in Alaska. In 1919 he was a member of the 
commitee set up by the Treasury Department to establish a basis for 
valuation of oil lands for taxation purposes, and from time to time he was 
called in on other matters. 

With the shift of public interest from coal to oil, his own practice 
expanded toward the latter. It was Fisher who recognized the signifi- 
cance of the seepage in what is now the Salt Creek oil fields, and it was 
his report that made possible the financing of its early development by 
French and American capitalists. He was one of the organizers and 
directors of the Midwest Oil Company, became its chief geologist and to 
the day of his death was active in the service of it, its successors and 
affiliated interests. In this relation he had a large influence in the 
development of many of the oil fields of the West, but found time also 
for professional work abroad for American and foreign capitalists as 
well. In 1913 he studied the oil shales of Scotland and the coal fields of 
northern France ; in 1914, he was in Cuba; in 1914-16, in southern Alberta 
for the Canadian Pacific; in 1916 in France again; in 1917 and in 1920 in 
Mexico; in 1926 in Venezuela; in 1927 back in Canada. Meanwhile, he 
had been called upon for exploration and for valuation in all parts of 
the United States. 

Fisher was a man of immense energy. He had a great capacity to 
seize and hold details without becoming obsessed with them and his judg- 
ment was excellent. Accordingly, he did well for himself and his clients 
and had a successful professional career as an engineer. 

Despite the activity of his business life Fisher never lost interest in or 
contact with geology as a science. He became a Fellow of the Geological 
Society of America in 1908. He was also a member of the American Asso- 
ciation of Petroleum Geologists (Regional Director, 1923-24); of the 
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American Institute of Mining and Metallurgical Engineers where he was 
active on various committees ; the Society of Economic Geologists, of which 
he was Treasurer; the American Association for the Advancement of 
Science ; the Geological Society of Washington ; the Washington Academy 
of Science, and numerous clubs and local organizations. At the time of 
his death he was a member of the organizing committee for the Sixteenth 
International Geological Congress and one of tha committee charged with 
the preparation of the report on the petroleum resources of the world. 
The latter was a congenial assignment for him since it had long been his 
hope and ambition to reduce to order his own great knowledge of the oil 
fields and make it available through publication. That ambition will 
now never be realized, but the list of his publications shows the breadth 
of his interest and suggests how valuable such a final summary would 
have been. 

Fisher’s widow, Evangeline Hazlewood Fisher, whom he married in 
1900, was a true companion and helpmate. His three children reflect 
his talent, Maurice and Robert in business, and Eleénora (Mrs. Duncan 
Fisher-Leys) in sculpture. Among other pieces executed by her is a 
notable bust of Herbert Hoover, presented by Fisher to the American 
Institute of Mining Engineers and now in the Engineering Societies 
Building in New York. 

Cassius Asa Fisher was a geologist of keen insight, an engineer with 
sound judgment, a genial friend and companion, and an exemplary 
citizen. 

BIBLIOGRAPHY 


1900 


Geology of Lincoln and environs. The Graduate Bulletin, University of Ne- 
braska, volume 1, April, 1900. 

The Dakota and Ca:)oniferous clays of Nebraska (with C. N. Gould). Uni- 
versity of Nebraska, Lincoln. Annual Report of the Nebraska State Board 
of Agriculture for 1900. 

Comparative value of bluff and valley wash deposits as brick material. An- 
nual Report of the Nebraska State Board of Agriculture for 1900. 


1901 

Methods of studying and displaying quarry products as employed by the Uni- 
versity of Nebraska State Geological Survey. Proceedings of the Nebraska 
Academy of Science, volume 11, November, 1901. 

Directory of the limestone quarries of Nebraska. Annual Report of the 
Nebraska State Board of Agriculture for 1901. 

The geological bibliography of Nebraska (with E. H. Barbour). Annual Re- 
port of the Nebraska State Board of Agriculture for 1901. 
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1902 
Discovery of the Laramie in Nebraska. American Geologist, volume 30, 1902, 


page 315. 
A new form of calcite-sand crystal (with E. H. Barbour). American Journal 
of Science, volume 14, 1902, page 451. 


1903 
Coal of the Bighorn basin in northwestern Wyoming. United States Geologi- 
cal Survey Economic Bulletin Number 225, 1908, page 345. 


1905 
The Roswell artesian basin, including report on artesian well pressure. United 
States Geological Survey, Third Annual Report of the Reclamation Sery- 


ice, 1905. 
1906 
The Roswell artesian basin, United States Geological Press Bulletin Number 
158, 1906. 


Nepesta folio, Colorado, Number 135, United States Geological Survey, 1906. 

Geology and water resources of the Bighorn basin, Wyoming, United States 
Geological Survey, professional paper number 53, 1906. 

Mineral resources of the Bighorn basin, Wyoming. United States Geological 
Survey Economic Bulletin Number 285, 1906. 

Development of Bear Creek coal fields, Montana. United States Gological 
Survey Economic Bulletin Number 285, 1906. 


1907 
The Great Falls coal field, Montana. United States Geological Survey Eco- 
nomic Bulletin, Number 316, 1907. 


1908 

Investigations relating to clays. United States Geological Economic Bulletin 
Number 340, 1908. 

Coal fields of the White Mountain region, New Mexico. United States Geologi- 
cal Survey Economic Bulletin Number 225, 1908, page 295. 

Southern extension of the Kootenai and Montana coal-bearing formations in 
northern Montana. Economic Geology, volume 38, nuinber 1, January- 
February, 1908. 

Geology and water resources of the Great Falls region, Montana. Water 
supply and irrigation paper number 221, 1908. 

Giant springs at Great Falls, Montana. Bulletin of the Geological Society 
of America, volume 19, plate 20, 1908, pages 339-346. 


1909 
Geology of the Great Falls coal field, Montana. United States Geological Sur- 
vey Bulletin Number 356, 1909. 
The pocket coal districts, Virginia. United States Geological Survey Economic 
Bulletin Number 341, 1909, page 409. 


1920 
Coauthor, Manual for oil and gas industry. Published by Treasury Depart- 
ment for use in appraisal of oil properties as basis for taxation, 1920-21. 
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1925 
Salt Creek oil field, Wyoming. Mining and Metallurgy, 1925. 
Our future oil reserves, Mining and Metallurgy, 1925. 


1927 
The northern Cordilleran geosyncline and its relation to petroleum accumula- 
tion (with Lloyd E. Russell). American Association of Petroleum Geol- 
ogists, volume 11, number I, January, 1927. 
Joint author in geological maps of the following folios: 
Calriche folia, South Dakota-Nebraska. 
Camp Clarke folio, Nebraska. 
Scotts Bluffs folio, Nebraska. 
Hartville folio, Wyoming. 
Newcastle folio, Wyoming-South Dakota. 
Edgemont folio, Dakota-Nebraska. 
Sundance folio, Wyoming-South Dakota. 
Bald Mountain-Dayton folio, Wyoming. 
Cloud Peak-Fort McKinney folio, Wyoming. 


MEMORIAL OF JAMES WILLIAMS GIDLEY ? 
BY RICHARD SWANN LULL 


Through the death of James Williams Gidley, which occurred on Sep- 
tember 26, 1931, the science of vertebrate paleontology has lost another 
of its disciples, for death has dealt very hardly with the small group of 
men devoted to her interests, no fewer than eight being called to their 
last account within the past few years, all of whom have contributed 
greatly to the sum of our paleontological lore, though in varying degree. 
Of these by no means the least was the subject of this memorial. 

James Gidley was born on January 7, 1866, at Springwater, Winne- 
shiek County, Iowa, of parents who were among the pioneer settlers of 
that region. His father was Isaac Mosier, of Quaker stock, and his 
mother Rebecca Penrose (Williams). James himself, however, belonged 
to the Congregational faith. 

Gidley’s early education was gained at Albion Seminary, Iowa, and 
later at Black Hills College, Hot Springs, South Dakota. Several years 
later he matriculated at Princeton University, where, under Professor 
William B. Scott, he received the thorough training which was to fit him 
so ably for his life work. From Princeton Gidley received the degree of 
Bachelor of Science in 1898, and that of Master of Science in 1901, while 
his Doctorate in Philosophy was granted by George Washington Univer- 
sity in 1922. It is not surprising that his early environment, especially 


1 Manuscript received by the Secretary of the Society January 6, 1932. 


| 
= 
: 


58 PROCEEDINGS OF THE TULSA MEETING 


in the “big geology” of the Black Hills, should have given the trend to 
Gidley’s interests which was sufficiently manifest to result in a call to the 
American Museum of Natural History as early as 1892, two years before 
his matriculation at Princeton. There, as assistant in vertebrate paleon- 
tology, Gidley served his apprenticeship. Then realizing the neeed of 
further professional training, he broke the continuity of his service to go 
to Princeton, returning to the American Museum to remain until he was 
called to Washington in 1905. 

It is evident that even during his undergraduate days at Princeton Gid- 
ley’s interests never wavered, and that he continued field work on his own 
responsibility, for we are told in the Annual Report of the American 
Museum for 1895 of the purchase of three titanothere skulls from J. B. 
Hatcher and J. W. Gidley, and of the limb bones of titanotheres from the 
latter. Also, the following year, eight specimens of skulls and skeletons 
of Nebraska Oligocene mammals were purchased from Gidley himself. 

Gidley’s association with the United States National Museum extended 
from 1905 until his death; he was first preparator, then custodian of the 
collection of fossil mammals, and finally, in 1912, Assistant Curator. 

Personally, Doctor Gidley was very lovable, genial, and kindly, always 
ready to give freely of his fund of knowledge to friends and colleagues, 
among whom there are many who deeply deplore his loss, both on pro- 
fessional and on personal grounds. Gregory says of him, “He was a thor- 
ough and conscientious worker, a man of independent thought, and a 
vigorous critic.” Gidley’s service was of a very high order, and our science 
could ill afford to lose him, especially as the completion of the work he 
had planned—from some of which he was withheld by circumstances be- 
yond his control—would probably have put him in the first rank among 
men of science. 

Gidley’s work falls naturally into three divisions, not of time, but of 
the character of his service. He was a skilled preparator, not only of 
larger material but of such minute specimens as the Mesozoic mammals, 
which often required the aid of a binocular microscope. He aided and 
directed the mounting of some of the best and most remarkable fossil 
mammalian skeletons in both the American and National Museums. 
Associated with this department of Gidley’s activity was the curatorial 
work of cataloging and identifying the inflowing stream of material, 
especially in the National Museum. 

The second phase of Gidley’s work was in the field, for he led many 
expeditions, most of which were highly productive of new and often unique 
material of great scientific importance. Thus in 1899 he discovered the 
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little herd of the horse, Hquus scotti, in the Staked Plains of Texas, in 
1902, a number of three-toed horses belonging to his new genus Neohip- 
parion, from Nebraska, and a skull of Hlephas imperator from Texas. The 
year 1903 saw him again in South Dakota, searching for horses and other 
mammals for the American Museum, For the National Museum, Gidley 
explored the Pleistocene Cave deposits near Cumberland, Maryland, in 
1914; he secured a mastodon from northwest Indiana in 1916; a large 
collection of vertebrate remains of unusual interest was made in Arizona 
in 1921; and in 1925 Gidley began his explorations in the neighborhood of 
Melbourne and Vero, Florida, in search of early man and his Pleistocene 
mammalian associates. In accordance with the known policy of the Na- 
tional Museum, Gidley was often detailed to investigate the finds reported 
to the Museum from various parts of the United States. Thus, while con- 
fined to our own country, Gidley’s explorations took him, nevertheless, far 
afield, and served to enrich both museums in fossil horse, proboscidean, 
and other mammalian material, much of which formed the basis for 
original scientific descriptions by himself and others. 

Finally, Gidley’s work as a writer which began with the present century, 
was destined to have a marked influence on the trend of paleontologic 
thought ; and, although some of his conclusions, especially in the field of 
phylogeny, have not endured the searching light of further discovery, 
they were in the main worthy of the utmost consideration. Doctor Gid- 
ley’s literary style is admirable, and his papers are always readable, clear 
and concise, so that there is never any doubt as to the author’s exact mean- 
ing. Gidley’s bibliography is perhaps not so extensive as his years of 
service would seem to indicate, but that may readily be accounted for be- 
cause of the constant interruptions which his other duties in the museum 
and field entailed, and which, accumulated, consumed a very considerable 
part of his time and energy. Nevertheless, some 87 titles are listed, rang- 
ing in extent from brief reports upon the identity of materials sent into 
the museum from various fields, to detailed studies of faunal and phyletic 
groups. 

Some of Gidley’s papers were on specific problems, stratigraphy, or 
such special subjects as the horse, on which there are seven articles ; others 
are faunal, and yet others, taxonomic or phylogenetic. A number were of 
specific descriptions; while many were on problems of wider interest, 
such as his studies of tooth-cusp development, of the rodents, Eocene 
primates, and the problem of the coming of man to America. His first 
paper, published in 1900, was a description of the fossil horse which he 
discovered in Texas in 1899 and named in honor of his preceptor, Profes- 
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sor Scott. His second, of a more general character, was a revision of the 
North American species of the genus Hquus, in which he stresses the 
variation of tooth proportions and enamel complexity due to individual 
age and variability. Thus he questions the validity of certain species of 
Owen, Leidy, and Cope. 

In 1903 Gidley defined the genus Neohipparion, distinguishing it from 
the Old World Hipparion of Christol. This distinction later authorities, 
notably Hay, have held invalid. The next year Gidley revised the generic 
nomenclature of Miocene horses, redefining the genera and rejecting sev- 
eral such as Pliohippus, which has since been reestablished through de- 
scription based on more adequate material. 

In 1907 appeared Gidley’s most important publication on the horse, 
“The revision of the Miocene and Pliocene Equide of North America,” 
in which he rearranged the several genera into four subfamilies, between 
certain of which hiatuses in the sequence appear. Gidley’s work of clari- 
fying and redefining the generic distinctions is of greater value than his 
attempts at phylogenetic groupings, as certain of his findings were subse- 
quently refuted, especially by Matthew. 

Gidley also wrote, in 1920, on the peccaries from the C umberland Cave 
deposits, defining two species of Platygonus, and one of Mylohyus. He 
agrees with Matthew in giving full family rank to the pig and peccary 
groups together with the derivation of the Elotheridae from a common 
Eocene ancestry. He believed, however, that the last split off from the 
primitive ancestral group at a very much earlier date than that which 
inarked the separation of the first two. 

Another order which interested Gidley greatly was that of the rodents. 
One paper describes a curious horned rodent, Epigaulus, from the Plio- 
cene of Kansas; another written in collaboration with G. S. Miller de- 
scribes a new Upper Oligocene rodent from France; while a third article, 
with the same cooperation, reviews our knowledge of the entire group, 
except the Duplicidentata, which Gidley, in a later paper, erects into a 
separate order. This last conclusion, however, has not been accepted by 
systematists. 

Gidley had prepared for study in the National Museum the entire 
Marsh collection of Mesozoic mammals when, with characteristic gen- 
erosity, he relinquished it to Doctor George Simpson, who had had access 
to all other material pertaining to these interesting forms in the museums 
of the world. Nevertheless, Gidley did publish some important conclu- 
sions based on this as well as on the Fort Union mammalian groups. He 
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fell into certain errors of identification, however, which invalidated some 
of his conclusions regarding the origin of the marsupials and of the 
titanotheres. Nevertheless, he gave us, through his discovery of a skull 
of the Fort Union Ptilodus, our first clear conception of a multitubercu- 
late mammal. This led him to assume a relationship between the multi- 
tuberculates and diprotodont marsupials, with which subsequent authori- 
ties do not agree, as the former are now looked on as an ancient but inde- 
pendent group derived directly out of reptilian stock. 

Gidley’s study of tooth-cusp development, based on the Mesozoic and 
early Cenozoic mammals, is of the highest importance. His thesis which 
is clearly set forth in his paper entitled, “Evidence bearing on tooth-cusp 
development” (1906), contains what Gregory considers, “perhaps his 
most important general contribution to paleontologic thought.” In this, 
“Following Wortman, he contributed greatly toward the refutation of 
that part of the Cope-Osborn theory of trituberculy which held that the 
so-called protocone was the original element of the mammalian molar 
crown.” 

Paleocene primates of the Fort Union in the National Museum were 
discussed in 1923. This was the first of the ordinal studies on this collec- 
tion which Gidley hoped to carry through, to be combined eventually into 
a complete monograph—a hope which time and circumstances frustrated. 
The paper describes four new genera and six new species which he con- 
siders primates, and on which he based a detailed argument on the affinities 
and classification of the primates, at variance with the conclusions of 
Matthew and Gregory. He believed that even at this early time the evo- 
lution of the primates was well under way and that we must look much 
farther back in time than the beginning of the Cenozoic for the origin of 
the principal major groups of this great order. 

Another paper of interest was on the possible origin of the bears 
(1915), which Gidley considered a small homogeneous and widely dis- 
tributed group not at all closely related to the carnivores. From the tooth 
structure and cranial foramina, Gidley concluded that the bears were 
probably derived from the Clenodon group of creodonts, and that the 
carnivores were descended from the Miacide, another family of creodonts 
not distantly related to the Clanodon group. To this conclusion Matthews 
took exception, deriving the bears from the primitive dog stock. 

From the Pleistocene cave deposits in western Maryland, Gidley col- 
lected and described an interesting fauna, no member of which was indi- 
genous to the cave, except possibly the bat. It includes 45 species and 6 
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orders of associated Pleistocene mammals. Other faunal papers were on 
the fossil vertebrates of the San Pedro Valley, Arizona, and from the 
shore of Lake Cochise, Arizona; on fossil bones from Lower Gila, Arizona, 
from the Manhattan district of Nevada, and on a number of small collec- 
tions sent in to the museum from time to time. These papers were descrip 
tive, with little by way of generalization. 

There are also a number of papers by our author on stratigraphical 
problems, the most important of which is “The fresh-water Tertiary 
of northwestern Texas” (1903)—a contribution to our knowledge of the 
stratigraphy and contained faunas of the Miocene Panhandle and Claren- 
don Beds, and the Pleistocene Sheridan (Equus) Beds, all of which were 
familiar to Gidley through repeated exploration. He concludes that of 
all of the formations of the Staked Plains, the Panhandle Beds seem to 
have been, at least partially, of lacustrine origin, while those of more 
recent date, represented by comparatively small areas, are either fluviatile, 
cr wolian and fluviatile deposits. | Much of Gidley’s later exploration 
took him to Florida, and gave rise not only to his discussion of the stratig- 
raphy of northern and central Florida, but also interested him greatly 
in the problem of the coming of man to that region, a subject which had 
aroused such a deal of argument involving anthropologists as well as 
geologists. Gidley’s conclusions (1920), briefly summarized, were that: 
“Man reached Florida contemporaneously with a Pleistocene fauna ; that 
he continued to remain there after most of this fauna had disappeared ; 
that he occupied the country in great numbers before certain changes pro- 
duced conditions that permitted the formation of the swamp deposits of 
bed number three (of Sellard’s classification), and probably before the 
period of the mound-building Indians of the time of Columbus.” 

From a Pleistocene spring-deposit in Oklahoma, a broken banner-stone 
was found near the bottom of the fossil bone-bearing layer immediately 
associated with an extinct horse, mammoth, mastodon, and Mylodon. 
This discovery once more involved Gidley in the discussion of a late sur- 
vival of Pleistocene animals along the southern border of the United 


States. 

Aside from Doctor Gidley’s published papers, he accumulated a large 
amount of invaluable data which was to form the basis of more extended 
and detailed work but from which fate forever debarred him. We can 
look on Gidley’s career as a life well spent in service to science, to the 
nation, and to his fellowmen. 
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MEMORIAL OF RICHARD ALEXANDER FULLERTON PENROSE, JR.* 
BY JOSEPH STANLEY-BROWN ? 


The carefully traced roots of the Penrose genealogical tree lead back 
to Cornwall before William the Conqueror sought the shores of England. 
In his “History of the Penrose Family of Philadelphia,” Dr. Josiah 
Granville Leach states: 

“It is from a quaint couplet, formed by a number of Cornish words, that the 
home of the Penrose family is learned: 


By Tre, Ros, Pol, Caer and Pen 
You may know most of the Cornish men. 


“According to Polwhele, a distinguished Cornish poet and historian, many 
of the families of Cornwall which held lands before the Conquest were dis- 
tinguished by the appellations of Tre, Pol and Pen, and of these there existed 
in his day some who had preserved from all antiquity and still retained un- 
alienated the very estates whence they derived their names.” 


For hundreds of years the name Penrose is to be found connected with 
such activities in its homeland as called for vision, courage and persever- 
ance. To these dominant traits may be added in many instances, a combi- 
nation of high mentality and sound business sense. The historical records 


1 Manuscript received by the Secretary of the Society April 14, 1932. 

2 Led by the fascinations of the career of this most attractive Fellow of the Society, 
the author probably -has transgressed the customary limits of publication, but even so, 
the story is inadequately presented. Ultimately it should be told in the form of a biog- 
raphy under the auspices either of the Society or the Penrose family. 
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of Great Britain indicate conspicuousness in law, in medicine, in 
diplomacy, in the church, in politics, in education, in industry and com- 
merce and in battle by land and sea. As the long story unfolds through 
varying conditions and in different lands, it repeats itself wherever the 
name is found, and always there persists the Penrose habit of sinking 
deep the family roots. Even in the seventh generation, so closely identi- 
fied with this memorial, the four Penrose brothers of Philadelphia lived 
to attain distinction in medicine, in science, in industry, and in politics— 
the oldest, Boies, becoming the brilliant and undisputed political leader, 
not only of Pennsylvania but of the Republican Party. This distinc- 
tion he enjoyed for many years and he died in harness, in Washington, 
D. C., as the senior Senator from his native State. 

We must agree with that great authority on eugenics, Charles B. Daven- 
port, that heredity is an inescapable biologic influence, even to such minor 
features as facial expression. The physiognomies of George Bright Penrose 
of New Orleans and of Captain Charles W. Penrose of Niles, Michigan, 
bear startlingly close resemblances to those of the Philadelphia family— 
not excepting the moustaches of the sons. 

On the origin of the name, Doctor Leach throws the following light, 
in the volume just quoted : 


“The word ‘Penrose’ is of Cornu-British * origin, and, according to the ‘Paro- 
chial History of the County of Cornwall,’ an elaborate and careful work, com- 
piled from ancient authorities, is derived as a surname from the Manor of 
Penrose, in the parish of Sithney, County Cornwall, which manor gave dwell- 
ing to the very ancient family seated in that place, it is said, before William 
* the Conqueror landed in Britain. The Manor was charmingly situated near 
Helston‘ on the banks of the Loo-pool which partly belonged to it. Writing 
of this estate, Richard Carew, author of the ‘Survey of Cornwall,’ published 
in London, 1602, says: ‘Under [Helston] runneth the river Loo, whose passage 
to the sea is thwarted by a sandy bank which forceth the sea to quart back 
a great way and to make a pool of some miles in compass. It breedeth a pecul- 
iar kind of trout in bigness and goodness exceeding such as live in fresh 
water, but coming short of those that frequent the salt. . . . To this pool 
adjoineth Mr. Penrose’s house, whose kind entertainment hath given me and 
many others experience of these matters. . . . 

“In Dr. Borlase’s* time, the parish church of Sithney, dedicated to St. Sithui- 
nus, contained a table inscribed to the memory of Bernard Penrose, Prior to 


3“The Cornish language occupied an interesting position between the Cymrian and the 
Gaelic, and was the representative of a tongue once current over all south Britain.” 

4“Helston in Cornish, Hellaz in English—the green hall—is a well seated and peopled 
town, and one of the four coinage places.” 

*“William Borlase, LL.D. and F.R.S., a very ingenious and erudite writer and of an 
ancient Cornwall family, who was born at Pendeen, 2 February, 1695-6. He was Rector 
of Ludgran and author of ‘Antiquities, Historical and Monumental, of Cornwall.’ ” 
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St. John’s Hospital, who died in 1532, and in the east window of the south 
aisle are still to be found the arms of the Penrose family in stained glass, which 
are also emblazoned on a wooden tablet affixed to the wall of the same aisle: 
Argent, three bends sable, each charged with as many roses of the field. 
Crest—a Loo trout naiant or.” 


There is a trustworthy record of legal proceedings against two daugh- 
ters of Richard de Penrose, “concerning lands at Boffrantain,” Cornwall, 
as far back as 1283 and there was a Richard Penrose, Sheriff of Cornwall. 
in 1526. This, of course, is a slender thread but names, in the case of many 
families, have a way of repeating themselves through the years. 


Fictre 1.—Arms of the Penrose Family in England and in Ireland 


The entrance of the Penrose family into American life was due to 
Bartholomew Penrose, of whom Dr. Leach writes :° 

“Bartholomew Penrose, the founder of the Penrose family of Philadelphia, 
was a native of England, and was engaged with his brother, Thomas Penrose, 
in the shipbuilding business, at Bristol, Gloucestershire, before coming to 
America. Much of the early trading between England and Philadelphia, was 
carried on from Bristol, and from that port sailed many ships which brought 
the early colonists to Pennsylvania. Bartholomew Penrose witnessed the de- 
parture and return of some of these ships, and from his intercourse with out- 
and-in-going passengers and sea-captains, and possibly William Penn himself 
(with whom he was no doubt personally acquainted), he came to possess much 
information concerning Penn's rising province in the New World. <Availing 
himself of such information, and being young, enthusiastic, and of an adven- 
turous spirit, he finally determined to quit Old England, and to emigrate to 
Pennsylvania, whither he came about A. D. 1700, making his settlement in 
Philadelphia. 

“Mr. Penrose doubtless came well provided with letters of recommendation 
and introduction, and means, since he is found marrying, two or three years 


6 History of the Penrose family, Philadelphia, 1903, pp. 11-15. 
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later (1703), the daughter [Esther Leech]‘ of a wealthy and prominent citi- 
zen, and acquiring landed possessions. . . . Mr. Penrose, soon after his 
settlement in Philadelphia, engaged there in shipbuilding. About 1706, he 
began the construction of a ship Known as the Diligence, William Penn being 
a partner in such enterprise, as were, also, William Penn, Jr., James Logan 
and that eminent Philadelphia merchant, William Trent. The first voyages 
of the ship were made to foreign parts, under the direct command of Mr. Pen- 
rose himself, and Penn’s books of account, as kept by Logan, contain numerous 
entries relating to the business ventures of these voyages. Mention of the 
ship is also found in several of Logan’s letters to Penn. In a letter dated 5 
March, 1706-7, Logan writes: ‘I wrote thee in my former letter to get insured 
upon the ship Diligence, Barth. Penrose, master, burthen about 150 tons to the 
value of £500 or £600 sterling. She is to be sent from hence to Virginia, there 
to load, and thence to England, with convoy directly to London, if any offers; 
if not, then north about Scotland, and she ought to be insured from hence 
to Virginia, and thence aforesaid. At the date of this letter, the construction 
of the ship had not been completed, although she had been named Diligence. 
She was launched 4 May, 1707, ou which day news of the union of the king- 
doms of England and Scotland was received at Philadelphia, and in honor of 
this event she was christened Happy Union. Logan in a letter to Penn, writ- 
ten the day of the launching, says: ‘Yesterday we had the certainty of the 
Union's being confirmed, and the same day was launched the ship I have men- 
tioned to thee under the name of Happy Union; but her name Diligence will be 
retained -in the register and bills of lading, to have such insurances as may 
be already made according to former directions. She may sail from hence 
to Virginia, we suppose six weeks hence. ie 

“Mr. Penrose died at Philadelphia, and was buried 17 November, 1711, in 
Christ Chureh ground, and probably under a part of the present church build- 
ing. He was an Episcopalian, and his family long remained identified with 
Christ Church, two of his descendants, Mr. Clement B. Newbold and Charles 
Penrose Keith, Esq., being members of the present (1908) vestry.” 


The subject of this memorial was of the seventh generation from Bar- 
tholomew Penrose. During those intervening years we find the Penrose 
descendants allying themselves, by marriage, with such families as the 
Drexels, Biddles, and Waynes (of “Mad Anthony” fame), engaging in 
every variety of activity in this new land of promise, and, true to type, 
quite uniformly seeking the best and doing their best. 

An illustration of this is found in Doctor Penrose’s immediate ancestors. 
His great-grandfather, Clement Biddle Penrose, was appointed by Presi- 
dent Jefferson “A Commissioner of the Louisiana Treaty.” His grand- 
father, Charles Bingham Penrose, became a brilliant and successful lawyer 
in Philadelphia. His father, Dr. Richard Alexander Fullerton Penrose, 


* Tobias Leech came from England to America, established a successful tanning business 
in Cheltenham Township, Pennsylvania, and died there in 1726. He left a large estate 
to five sons, all of whom attained distinction. 
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for whom he was named, graduated from the Medical Department of 
the University of Pennsylvania, became a widely known surgeon, espe- 
cially in the field of gynecology, and for many years was identified with 
the career of the University. He married on September 28th, 1858, Sarah 
Hannah Boies of Rockland, Cecil County, Maryland, of whom Dr. Leach 
wrote; ® 


“Mrs. Penrose was a woman of rare culture and refinement, of unusual in- 
telligence and phenomenal and magnificent beauty. She became the mother of 
seven sons.®° At a very early period of her married life she abandoned en- 
tirely society and devoted herself exclusively to the education of her children, 
and this she kept up until her death in 1881—a few months before her two 
eldest sons graduated from Harvard University with highest honors, honors 
due, in great measure, to their mother’s untiring devotion to them. She came 
of the best blood of Maryland and Massachusetts. Her father was a son of 
Judge William Hubbard, and added Boies to his name after he was adopted 
by an uncle, Jeremiah Smith Boies, a prominent and wealthy merchant of 
Boston. Judge Hubbard was a descendant of William Hubbard, who was one 
of the first graduating class at Harvard College in 1642. Mrs. Penrose’s 
mother was born at Rockland, Maryland, and was a daughter of Philip Thomas, 
Jr., by his wife Sarah Margaret Weems, and the great-great-great-granddaugh- 
ter of Honorable Philip Thomas, who died in Maryland in 1675, and was a 
member of the Governor’s Council of the Province; she was also in the same 
degree of descent from Colonel Samuel Chew, also a member of the Governor’s 
Council and the ancestor of Chief Justice Benjamin Chew of Pennsylvania.” 


What an irreparable loss to the sons just entering on their careers was 
the death of this unusual mother! 

The old homestead at 1331 Spruce Street, Philadelphia, stands much 
as it did when Doctor and Mrs. Penrose set up in it their lares and 
penates soon after their marriage. It is still a part of the estate of the 
Penrose family, of which Mr. Spencer Penrose is the sole surviving son. 

Having set forth, perhaps at undue length, the ancestral background 


* History of the Penrose family of Philadelphia, p. 106. 
®“Boies Penrose; Died in infancy. 
Boies Penrose, born 1 November, 1860; [died December 31, 1920]. 


Charles Bingham Penrose, born 1 February, 1862; married Katharine Drexel.  [De- 
ceased. ] 

Richard Alexander Fullerton Venrose, Jr., born 17 December, 1863; [died 31 July, 
1931). 


Spencer Penrose, born 2 November, 1865. [The only surviving member. ] 

Francis Boies Penrose, born 2 August, 1867. [Deceased.] 

Philip Thomas Penrose, born 10 March, 1869; died El Paso, Texas, 8 June, 1901.” 

Richard Penrose, Jr., was buried with the other members of the family in South 
Laurel Hill Cemetery, Philadelphia. 

These sons all died without issue except Dr. Charles Bingham Penrose, who married 
Katharine Drexel, of Philadelphia. They had three children, two of whom still live— 
Sarah Hannah Boies Penrose and Boies Penrose. 
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of Richard Penrose, Jr., we may now give undivided attention to his 
personal career. 

The first mental training little “Dick” received was from that con- 
scientious mother, who early in her married life abandoned society “and 
devoted herself to the education of her children.” Fortunately we have, 


' from Penrose’s own pen, the story of how that education was continued.?° 


“As a small child I went to a school kept by three old ladies called the 
Misses Hough, just across the street from our house in Philadelphia, where 
I received the usual education given to children of that age. Later I went 
to the Episcopal Academy, which was at that time located at Juniper and 
Locust Streets and was presided over by Doctor Edward Robins, one of the 
kindest, most sympathetic, and at the same time learned heads of a school 
for older boys that I have ever met. Though I greatly respected Doctor 
Robins, my main recollection of the Episcopal Academy was when we boys 
used to start in a body around the back streets between Juniper and 138th 
Streets to make raids on the boys at Doctor Fairies’ school on 13th Street. 
These were real events to us and were more important with their bruises and 
blows than the serious studies and prayers at the Episcopal Academy. 

“Somewhat later I went to Doctor Chase’s school at 16th and Spruce Streets, 
over Mr. Gray’s grocery store. Doctor Chase was a graduate of Harvard, and 
like Doctor Robins, was a very kind and learned man. He did his best to 
control a somewhat boisterous collection of boys, and to aid in this matter 
he employed an assistant instructor, Mr. McCarg from Scotland—big, brawny 
and bald. The boys treated Doctor Chase with a semblance of respect, but 
their principal delight during the noon hour was to get Mr. McCarg started. 
Their usual method was to throw something at him then climb out of the 
second story window and slide down the posts of the awning in front of Mr. 
Gray’s grocery store. Mr. Gray was generally sympathetic with us because 
we bought our lunch at his store, so that Mr. McCarg, chasing us with a big, 
long flat ruler, rarely caught us. 

“Later, I studied under a private tutor at 1331 Spruce Street, named William 
S. Roney, who was a very learned and excellent man, and under whom I was 
prepared for Harvard, where I passed the preliminary entrance examinations 
in the spring of 1879, and the final entrance examinations in 1880 at the age 
of 16 years.” 


The Penrose way of doing things was certainly exemplified in the 
arrangements made for housing and caring for the three boys at Harvard. 


“For the first year at Harvard I lived with my two elder brothers, Boies 
Penrose and Charles B. Penrose, at a house which our parents had bought 
for us on Gerry Street, and which was kept for us by our maiden cousin, Sarah 
Beck, of somewhat advanced years but of a very kindly disposition, and with 


1 From an undated manuscript entitled Memoirs: by R. A. F. Penrose, Jr. At the top 
of the first page, in his handwriting, is penciled the following: “(Rough draft) one copy. 
Notes dictated at odd times.” 
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all the pride and prejudices of a descendant of those who landed at Plymouth 
Rock in the early Colonial days of Massachusetts. 

“My two brothers graduated in 1881, and as it did not seem worth while to 
keep the house going for one student, I got rooms nearby on Appian Way, and 
left the house for the use and comfort of our cousin, Miss Beck, who had taken 
care of it and us so efficiently and in spite of many aggravating circumstances, 
for over four years. She was allowed to have the house as a residence for 
her and her sister until the end of her days, some twenty years later. Even 
this was but small reward for some of the activities and irregular habits of 
her young cousins, for whom she felt always a great responsibility.” 


The only information available as to his college days is contained in 
the two following paragraphs from the “Memoirs,” but it is obvious 
that for a student “in training” for athletic honors there was but little 
chance of departure from the straight and narrow way. 

“During my college course I devoted myself earnestly to acquiring what 
knowledge was available at such an institution, for I realized that it was a 
rare opportunity for that purpose. I graduated in 1884 with a Summa Cum 
Laude degree and highest honors in chemistry, and in consideration of this 
accomplishment I was, in accordance with custom, promptly elected a member 
of the Phi Beta Kappa Society. I returned to Harvard in 1884, 1885 and 
1886. 

“During the latter part of my college career I took more or less interest in 
athletics, and managed on one occasion to win the silver medal for a mile 
footrace. In 1884 I rowed on our Class Crew on the Charles River, whiclt 
won the race of that year. Later on I rowed as a stroke of the Harvard 
University at New London in 1885 and 1886. I had been warned by the col- 
lege doctor before I rowed at all that I had a very bad heart and that I would 
probably die before I could finish a two-mile race. After rowing this race. 
however, without dying, I rowed several other two-mile races and several 
four-mile races at New London, and I am still living.” 


There are but few clues as to the details of his college life, but it is safe 
to assume that his days were those of a serious-minded student who, 
realizing that it was “a rare opportunity” for education, was intent on 
getting the best that Harvard had to offer. There is indisputable proof 
that his summer vacations were most profitably spent. The evidence is 
in the form of a typewritten manuscript dated February 1, 1906, and 
entitled in his handwriting: “List of the principal trips of R. A. F. Pen- 
rose, Jr., from 1881 to 1905—Written for the Harvard Travelers Club.” 
The list is extended, in Penrose’s handwriting, to 1913. This most illumi- 
nating document throws a broad beam of light on a large part of his path- 
way through life. It almost might be entitled his life’s itinerary. It is 
printed on pages 99-101 and will be referred to frequently. These “trips” 
began at his first college vacation in the summer of 1881, just after his 
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mother’s death. There are among his papers thirty-one note books con- 
taining his observations made on these tours in a greater or less degree of 
fullness. 

From the 1881 item on this list it will be seen that he did not spend his 
first summer vacation in flannels and lolling around at the country 
homes of bis family’s host of social connections—many of whom would 
have been gad to welcome among their summer guests this handsome 
upstanding young college athlete. That European trip was undoubtedly 
cultural but “glaciers” did form a part of the summer entertainment. 
Not a succeeding vacation but recorded travel of an instructive nature. 
Was it wanderlust or was it the insistent urge of a scientifie endow- 
ment? Whatever its origin “the list” tells us that outside of a constant 
ransacking of our States some sixty foreign lands were visited and first 
hand studies made. Through all notes runs the unceasing refrain of ore 
deposits, mines, and mining business. No land was so large, no island 
so small, no distance so great, that his tireless energy did not carry him 
to personal contacts with the places he wished to see and things he wanted 
to know. 

Let us turn back now to the beginning of his geological career. By 
the middle of 1886 callow days and college ways were over and the serious 
things of life were henceforth to be his objective. In the summer of 1885 
he became assistant to his beloved Professor N. S. Shaler 7 who was con- 
nected with the U. 8S. Geological Survey, and some pleasant days were 
spent with him on Mount Desert Island and Marthas Vineyard. In 
that year, according to the “list of trips,” already quoted, he visited also 
the phosphate regions of the Provinces of Quebec and Ontario. 

“The object of this trip was to do geological work, and, especially in 
Canada, to study the phosphate deposits. Later in the same year, [a] 
trip from Philadelphia through North Carolina, South Carolina, Georgia 
and Florida studying the Tertiary and later formations of the coastal re- 
gion, and especially the phosphate deposits contained in these formations.” 

During the years 1885 and 1886 he had been preparing a treatise en- 
titled “Nature and origin of deposits of phosphate of lime,” as a result 
of which he hoped to secure his Ph.D. His effort was successful and in 
June, 1886, he received the degrees of A.M. and Ph.D.""* His thesis bear- 
ing the name indicated above was of such merit that it was published by 
the U. S. Geological Survey as Bulletin 46. 

a Shei Henne later he was to express his admiration for this great educator by placing 
a life-size bronze bust of him in the halls of Harvard at his own expense. 


a The first Ph.D. in geology given by Harvard. See remarks by Professor Davis, 
p. 164 of this volume. 
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His experiences in Canada had brought him in contact with its phos- 
phate interests and in 1886 he accepted the appointment of superintend- 
ent of the phosphate mines of the Anglo-Canadian Phosphate Company, 
situated at various points in the valley of the Aux Lievres River and re- 
mote from any large city. Here he was to have his first experience of 
roughing it over an extended period and meeting a situation which 
was to be a “tryout” of the mettle of the young college graduate. The 
story is best told in his own language: 


“The North Star Mine was our principal seat of operations at that time, and 
it consisted of a shaft probably less than 300 feet deep, alongside of which 
was our so-called boarding house; this consisted of a log cabin with two tiers 
of bunks around the sides and a central fireplace on the floor. A hole was 
cut in the roof to allow the smoke to escape, which was a very convenient 
device except in winter, when the snow fell so heavily that it was apt to come 
through the hole and put out the fire. 

“We had about twenty miners at work under an excellent foreman called Bill 
MacIntosh, and during the first winter a large amount of phosphate was 
produced, which we had expected to haul to the Aux Lievres River in wagons, 
and ship thence in barges to Montreal, to be forwarded to England in ocean 
steamers. As luck would have it, however, an epidemic of dipththeria broke 
out the latter part of the winter and a large part of the able-bodied population 
of the district either died or fled, so that during the open summer only about 
one-half of our phosphate could be brought to the seaboard. The rest was 
shipped the next season. 

“Buckingham in those days was the center of business and playful activity 
and was like many of our western mining camps fifty years ago. Everyone 
was making money in connection with the phosphate industry and most of 
them were spending it again as rapidly as possible on the primitive joys of 
Buckingham. 

“In 1887 the Anglo-Canadian Phosphate Company made me General Mana- 
ger of all their mines on the Aux Lievres River, and also of their mines one 
hundred miles or more to the southwest in the Province of Ontario, in the 
township of North Burgess. I did not care much for this addition to my 
duties because I had never felt much confidence in the mines of North Bur- 
gess; but as the man who had been running them for the Company had not 
been satisfactory to them I undertook the work, and for a year or more to 
make some profit from them for the Company. 

“During the time I was at Perth there was otis an anti-American feeling 
on account of the absurd fear which existed at that time that the United States 
was attempting to annex Canada. Of course well informed people 
knew there was nothing in such reports, but the mass of ignorant people 
believed implicitly in them. The situation caused some trouble among the 
men in the mine and some antagonism towards what they called the Yankee 
Manager, who had replaced their own particular Manager. I tried to appease 
this feeling as much as possible, but it nevertheless seemed to grow, and the 
principal way it was manifested was by the miners underground doing less and 
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less real work. Of course this meant great injury to the Company, and one 
night I decided to try to stop it. I went down into the mine alone, about 3 
o’clock in the morning, when the night shift was supposed to be active, and 
found every one of the men sitting around on the rocks smoking and gossiping 
and evidently oblivious to the passage of time. I then and there told them 
that they were all discharged, and gave them orders to come to the surface 
and get their pay checks. I expected this would cause some trouble, but it 
took them so suddenly that they all followed me up the ladder and came to 
my office, where, with the assistance of the superintendent, Barney Murphy, 
I made out the pay checks and he and I closed the mine. The men scattered 
and everything was quiet for a few days. I notified the Company at their 
headquarters in Montreal what I had done and they supported me in my 
position and told me to take whatever action I thought best. 

“In the course of a few days the men began to return—sometimes one, some- 
times two at a time, and as I had already observed them all closely and 
knew their personal tendencies, I did not hesitate to take back into the em- 
ployment of the Company the ones whom I knew to be least objectionable. A 
few men also came from the outside and filled the rest of the positions, so 
that within a week the night shift, as well as the day shift, was running as 
usual. After this episode there was a decided increase in the production of 
the mine, and there was no tendency to revert to the old condition of antago- 
nism. Finally the last of the old employees returned for work, and we all 
shook hands and decided that we would let bygones be bygones. The “Yankee 
Manager” who was once thought ‘lazy’ received an unexpected degree of 
respect. After all, Anglo-Saxons, the world over, respect a man who puts up 
a fair fight, particularly if he wins.” 


To beard a gang of disgruntled, irresponsible miners in their under- 
ground lair certainly called for high courage. 

He left warm friends behind him in Canada. One among them, 
R. J. Drummond, of Perth, wrote him a most appreciative letter acknowl- 
edging the receipt of his report on the Arkansas manganese deposits and 
telling him that on its arrival each member of the family cried out “Oh, 
I want to see Penrose again.” 

The fall of 1888 saw the termination of Penrose’s first mining connec- 
tion but it was by no means to be his last. In September, 1888, E. T. 
Dumble was appointed State Geologist of Texas and proceeded at once 
to organize a Geological Survey for that State. Among those called to 
his aid was young Penrosé, who signed up for one year but continued 
for practically two. He was made “Geologist in charge” of the eastern 
section of Texas. His assignment to a territory “studded with immense 
swamps full of malarial and other mosquitoes” was his first introduction 
to real field work. His description of his entrance on this, to him, new 
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line of geological activity is so naive and altogether delightful that the 
generous employment of author’s right of quotation is justifiable.’ 

“When I left Austin for my field of operation I knew just about nothing 
about making a geological survey, for though in those days we were taught 
a good deal of geology in the class room, and were occasionally taken on field 
excursions, we were not trained in starting in an almost unknown region to 
study its geology. Eastern Texas had never been studied geologically to any 
important extent, and at first I wondered how in the world a geological survey 
was to be started. When this thought came to me I was sitting on one of the 
bluffs of the Brazos river with my legs hanging down towards the water, and 
looking over to the other side of the river to see if I could find any enlighten- 
ment as to the requirements of my job. All was in vain, however, until it 
suddenly occurred to me that if I was so ignorant as not to know how to make 
a geological survey, I might at least make a record of what composed the 
material on which I was sitting. It turned out to be a hard indurated 
glauconite and I made a note of this fact in my heretofore blank note-book, 
and made a note on my map to indicate the place the note referred to. The 
stratification of the rock ran almost flat, and it occurred to me to see if the 
same formation could be found on the other side and that if such was the 
case I could say that the river had probably cut through the formation and 
that the bluffs on both sides showed the same rock. I promptly took off my 
clothes, put them on my head and swam across the river, where I found to my 
sreat satisfaction that the same rock was cropping out in the opposite bluffs. 
I mention these facts simply because they were the first start towards my con- 
ception of what a geological survey should be, and from utter ignorance of 
the procedure to be followed I had suddenly in a few minutes grasped what 
had to be done.” 


He was an apt and versatile field investigator, otherwise he could not, 
in two years, have worked out “the general sequence of the Tertiary 
formations which overlie unconformably the Cretaceous of Texas” in an 
area!® which “covered about 500 miles parallel to the coast of the Gulf 
of Mexico from the Red River on the northeast to the Rio Grande on the: 
southwest; and inland from the Gulf coast for 200 miles or more. Over 
this vast area I could in a limited time do little more than make a gen- 
eral reconnaisance of the geology of the region, and my reports published 
by the Survey were intended to be of that character.” 

He began his work at first by proceeding along the banks of the great 
rivers of the region which had cut their way to the sea and the method 
of utilizing these waterways by means of smal] boats and frequent land- 
ings for observation was adopted at his suggestion. 


12 Memoirs, by R. A. F. Penrose, Jr. 
3 Reminiscences of the Geological Survey of Texas from 1881 to 1890. In manuscript, 


p. 3. 
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The navigation of these rivers was not without substantial hardships 
and dangers from the nature of the streams and the character of the inhabi- 
tants, especially along the Rio Grande, and in his “Memoirs” are some 
stirring episodes calling for ingenuity and bravery with which to meet 
them. 

As the two vears were drawing to a close his thoughts turned to the 
Geological Survey of Arkansas, and in his “Memoirs” (page 32) he states: 
“T was so uncertain about the matter that I spent one whole evening in 
my room in the Capitol Building in Austin, making a balance sheet 
as to the inducements for the two appointments.” Here we have the 
elements of deliberation and caution which characterized his mental at- 
titude throughout life. His decision was in favor of the Arkansas Survey 
and in his “Reminiscences” (page 12 of the manuscript) he states: “In 
July, 1890, I was obliged, most reluctantly, to leave the Geological Sur- 
vey of Texas, as I had long promised Doctor J. C. Branner, State Geolo- 
gist of Arkansas, to come to that State in order to examine and make a 
report on the geological relations of the manganese and iron deposits.” 
So, quitting the vast wastes of Texas in which he had learned much of 
field geology and taking with him an immunity from malaria, through 
many inoculations by mosquitoes, which was to protect him in the tropics, 
he repaired to a region that was to give him new experiences and con- 
tribute to his interest in ore deposits and mining industries, around which 
his life work was to center. 

On leaving Texas an episode occurred which so clearly reveals the kind- 
liness of Penrose’s nature that it should be noted. Two humble Mexican 
peons had shared with him the trials and tribulations of navigating the 
Rio Grande. When the journey ended at the mouth of the river and 
the peons for the first time saw a steamboat they were terribly scared 
ud refused to return home that way. They preferred to take the chances 
of bandits and travel on foot. So Penrose bought them two burros, gave 
them guns and provisions and started them on the homeward journey with 
many misgivings. He tried repeatedly, but without success, to ascertain 
if they arrived safely. 

The results of his work in the new field appeared in the First Annual 
Report of the Geological Survey of Texas, 1889, under the title “Geology 
of the Gulf Tertiary of Texas from the Red River to the Rio Grande” (101 
pages). 

In a personal communication from Robert T. Hill’* there is such a 
warm, intimate reference to Penrose and how he came to be interested 


14 Personal letter from Robert T. Hill to J. Stanley-Brown dated March 23, 1932. 
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in Texas geology, that the following extract is made from it before taking 
up the story of his geological investigation in Arkansas: 


“I was intimately associated with Doctor R. A. F. Penrose, Jr., during the 
first undertaking of his scientific career, and was instrumental in procuring 
for him his first professional engagement as a geologist after his graduation 
from Harvard University. It came about as follows: With youthful enthusi- 
asm and the backing of Major J. W. Powell, at that time Director of the United 
States Geological Survey, I undertook, in 1887, the task of trying to establish 
a State Geological Survey in Texas and a Chair of Geology in the University 
of Texas at Austin. After the lobbying vicissitudes of two stormy sessions of 
the Legislature the Geological Survey bill was finally passed, and Major 
Powell was requested to recommend a suitable person for the office of State 
Geologist. Through sad misfortune the request reached Washington when 
the Major was absent on a vacation with Dr. Alexander Graham Bell in 
Nova Scotia. A bad mix-up in nominations resulted and I received a tele- 
gram from the appointed power to come to Austin. To straighten matters 
out I hurried to Washington only to find that Major Powell was still absent 
as well as Doctor W J McGee, who was the Major's adjutant in the handling 
of such affairs. Then the happy thought occurred to me of sending a telegram 
to Professor Nathaniel Shaler, at Harvard, inquiring for a suitable man. His 
reply was that he had just the person for me, and was sending him to Wash- 
ington to interview me. Vromptly a fine, husky, rosy-cheeked, athletic-looking 
young man appeared with a letter from the Professor, and that was my first 
sight of R. A. F. Penrose, Jr. 

“I explained to him the peculiar and now somewhat involved problem by 
reason of a name having been suggested by others which was not acceptable to 
the Texas authorities. 

“We decided that the best and only thing to do was for Penrose to find 
Major Powell in Nova Scotia and deliver a letter from me explanatory of the 
situation and requesting him to recommend Penrose in the place of the un- 
desired nominee. This was accomplished as fast as a train could carry 
Penrose to the Major’s presence and I hastened back to Austin with the new 
nomination for the proper authority. I was met with the statement, ‘Mr. Hill, 
it is too late. During the interval since I last saw you, the previous nominee 
has worked up a sentiment that the appointee must be a resident of the State.’ 
Accompanying his remarks he handed me a bunch of letters from 125 appli- 
eants, including men of every known profession except geologists, and re- 
quested that I study them and recommend to him the most suitable man. 
After looking over the papers carefully I found the name of only one appli- 
cant who seemed to have the least idea of what the office was to be or who 
had received a post-Civil War college education. This man, whom I recom- 
mended, was E. T. Dumble, who conducted the office for four years with 
ability. One of his first acts was the appointment, on my recommendation, 
of Doctor Penrose as his first assistant, and thus in the fall of 1888 he began 
his professional career in Texas. 

“Coincidentally with the beginning of the Texas State Survey work and 
the coming of Doctor Penrose to Texas, I had accepted a position to teach 
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geology in the University of Texas, and located with my family at Austin, 
where for more than a year I worked in close association with Dumble and 
Penrose, at the same time continuing and directing the studies of the Cretaceous 
formations in cooperation with the Survey. 

“Doctor Penrose’s work chiefly consisted of the study of the Tertiary 
formations of the eastern part of the State, to the knowledge of which he 
made valuable contributions, as testified by his publications thereon. Likewise 
he made a special investigation of the iron ores of east Texas, which were 
derived from extensive glauconite formations. He also made several inter- 
esting and valuable cross-section reconnaissances by rowboat down the rivers 
of southwest Texas. 

“At intervals he would come into Austin, where he always made my house 
his place of recreation, and became a great social favorite with my wife and 
myself. This habit he continued when, later, we resumed our home in Wash- 
ington. In this manner we learned to appreciate and love the man and his 
splendid, genial disposition. 

“Before the invention of rapid transit by means of good roads and auto- 
mobiles, east Texas, nearly fifty years ago, was anything but a happy hunting 
ground for the tenderfoot geologist, especially if he was from the land of 
Harvard College. Besides the almost unendurable discomforts of insects, 
heat and not always good water, facilities for travel and stopping places were 
poor at best. Likewise, at that time, before the South commenced to recover 
from the war, and when fundamentalism was a little more fundamental than 
now, the people were prone to regard geology and geologists in a somewhat 
contemptuous way. Even to this day, when considering the conditions as they 
then were, I wonder how Doctor Penrose endured the brunt of field work in 
that environment. Only a man of his rare tact in getting along with all kinds 
and conditions of people, and one of his strong athletic microbe-resisting con- 
stitution, could have acccomplished the task. Three other young men drawn 
from Harvard at about the same time became ill or discouraged and gave up 
the jobs. 

“Due to his good breeding and early associations, Penrose possessed the art 
of self-control and the ability to avoid needless discussions and arguments 
to a degree greater than any man I have ever met. He certainly knew how to 
avoid trouble in a land where nearly every man he met was ready to start an 
argument against the teachings of geology, on the subjects of politics or 
religion and on the still slumbering disagreements relative to the sides 
engaged in the Civil War. 

“His temperament was always sunny and cheerful, and, at times, almost 
jovial, and he greatly enjoyed playing small and harmless jokes upon his 
more intimate friends. One day, observing that I had a habit of wetting 
small rock or fossil specimens with my tongue, unknown to me, he doctored up 
a specimen of a fossil shell in his possession with as strong a decoction of 
nicotine as it would carry and passed the specimen to me with the request that 
I examine it. Promptly I passed it to my mouth, and tasting the nicotine, as 
promptly spat it out, greatly to his merriment and to my education, for the 
habit was broken then and there. 

“There had been a lapse of twenty years in our meetings when I last saw 
him at the annual dinner of the Society, at the Wardman Hotel in Washing- 

VI—BULL. GEOL. Soc, AM., VoL. 43, 1932 
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ton, in December, 1980. Time, wealth and prosperity had made but little 
change in the man whom I had first met as a boyish college graduate some 
forty-five years before. God bless his memory, for he was one of the finest of a 
choice few of fine men whom I have known. He had naught but kind thoughts to 
think and kind words to say. In him were combined all the good things that 
the opportunities of inheritance, education, both physical and mental, and 
wealth and breeding could bestow. Besides all these qualifications he was 
devoid of any sissylike qualities and was what we term, in the free language 
of our Southwest, ‘a man with the bark on.’” 


What Penrose accomplished in Arkansas is epitomized by him in his 
“Memoirs.” On page 34 he wrote: “The two years I spent in Arkansas 
were not marked by any events of particular importance. I traveled 
from one end of the State to the other on horseback, and lived constantly 
on the state-wide diet of salt pork, commonly known as ‘fry,’ and apple 
pie. It seemed to agree with me very well and I prospered in the same 
way as the natives.” 

On the previous page he states that he did not go to Arkansas “with 
any great enthusiasm” but for advancement in his profession. He com- 
plained that the country “was hot, swampy, full of malaria, and had noth- 
ing of the active spirit of progress which characterized Texas. The re- 
deeming feature in Arkansas was my association with Dr. J. C. Branner.” 

What a physique! Rowing many boat races, in defiance of the doctor’s 
warnings of a serious heart lesion, winning immunity from malaria by 
the fierce attacks of the Texas mosquitoes, and prospering on the un- 
remitting assaults of “fry” and apple pie in Arkansas! 

If we inspect that faithful guide, “List of trips,” it will be seen that 
before undertaking the important work on “the manganese and iron de- 
posits” of Arkansas, he exercised his usual caution and genius for thor- 
oughness, and made, late in 1889— 

“A trip from Texas to Little Rock, thence to Toronto, Montreal, Nova 
Seotia and Cape Breton, studying the geology of the manganese deposits of 
eastern Canada. Thence, following the same study. made a trip south from 
Canada through the New England, Middle and Southern States, thence to 
Colorado, Nevada, California, Oregon and Arizona back to Little Rock. The 
object of this trip was to study the manganese deposits of the United States 
and Canada, in connection with my work on the manganese deposits of Arkan- 
sas, as assistant geologist on the Geological Survey of Arkansas.” 


Here indeed was preparation for a task—thousands of miles of travel, 
a vast amount of fatiguing inspection work and the personal expenditure 
of a large sum of money. 

In spite of his almost disparaging comment on the results of his efforts 
in Arkansas, and in truth they were more negative than positive, greatly 
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to the disappointment of some of the citizens of that State, there neverthe- 
less were produced for and published by the Geological Survey of Arkansas 
the two following valuable reports: “Manganese: Its uses, ores and de- 
posits,” volume 1, 1890, 642 pages; “The iron deposits of Arkansas,” 
volume 1, 1892, 153 pages. 

It should be noted here that these and his many other studies in man- 
ganese (see “Bibliography”) were to prove of value years later when the 
United States found itself involved in the hideous turmoil of the Great 
War and all the resources of the National Research Council were requi- 
sitioned by the Government to determine the available manganese in the 
United States. In this connection an interesting story is told,’® illus- 
trating not only Penrose’s conservatism but the care he exercised in 
guarding his professional reputation. He was a member of the Re- 
search Council but when the decision was reached by it as to the available 
manganese in this country he did not feel that he could concur in the 
conclusion of his colleagues, so he courteously and good naturedly ten- 
dered his resignation and retired from the meeting. The Council stood 
for 1,200,000 tons of 35%-+ ore as against Penrose’s estimate of 60,000 
tons of 50%-+ ore. It will be seen that even if the percentages were 
adjusted the former would still be much higher than the latter. 

It seems almost as though those “manganese days” in Arkansas marked 
also the transition to his ultimate field of interest and activity—ore de- 
posits and mining. All speculation aside, Penrose, now at the age of 
28, was soon to participate in the first substantial mining success of his 
career and, while it was to come about in a somewhat dramatic manner, 
the results represented the combination of earnest work in college and 
field and an inheritance of sound judgment and common sense. As his 
work had reached the group stage, that is, in concert with others, it 
may be well to turn aside a moment to get the picture of the man in its 
true perspective. 

Penrose was essentially a man’s man. His associates in Philadelphia 
were young men of the social set who had a predilection for athletics. 
His familiars were such men as D. M. Barringer, James W. Facett, 
Walter Furness and others of the élite. It should be remembered that 
in no city in the United States did social standing count for more than 
it did in Philadelphia, nor anywhere else did the pleasures of the 
table reach quite such dizzy heights of excellence. The Penrose family 
was at the social peak and it is whispered that when Madam Penrose 


% This story was obtained through the courtesy of James W. Furness and Donnel F. 
Hewett. 
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took her afternoon drive, even the horses seemed to realize, by their 
actions, the importance of their relationship to the family. Doubtless 
there were many meetings of those of his set around their chosen festive 
board, or boards, but there is no evidence that such occasions were other 
than the gatherings of jolly good fellows full of the joy of living and of 
social companionship. 

One of the members of that social group was now to play an important 
part in Penrose’s career. In 1891, he was induced by Barringer to go with 
him to the southwestern corner of New Mexico, to examine a mine at 
Chloride Flat, about half a mile from Silver City."® 

The useful “List of trips” tells us that in the first half of 1891 he 
again went to Arkansas, as he had done in 1890, but in the latter half 
of the year he visited western mining regions “to study ore deposits.” 
It records also that in 1892 he made a journey from Philadelphia to New 
Mexico and Arizona “to study the gold, silver and copper mines of the 
Southwest.” He was to make many more such investigations in the suc- 
ceeding years. 

At Silver City, whither Barringer had induced Penrose to go, there 
lived a German banker named John Brockman who was well known to 
Mr. Spencer Penrose. In addition to being the owner of a large ranch 
at the time Richard Penrose first met him he was the President of the 
best National Bank in Silver City and was highly regarded. His 
familiarity with the business affairs of his community and his high stand- 
ing made him a valuable and valued associate. The outcome of this 
venture was complete failure, but it led to the formation of a very capable 
trio which held together and soon moved on to a brilliant success, in 
1892, in what came to be known as the Commonwealth Mine. 

An assayer had told Brockman about some good ore which was 
coming from the cattle ranch of a family named Pearce in Cochise 
County in the southwestern corner of Arizona. Brockman had to go to 
Los Angeles and it was decided that en route he should stop off at 
Cochise Station ‘7 on the Southern Pacific and visit the Pearce mine, 
eighteen miles distant. The mine was only about 300 yards from the 
old “Santa Fé trail,” and Penrose frequently told the story of crushing 
in his mill the ore-bearing rocks blackened by the campfires of the over- 
land emigrants to California. The Pearces permitted an examination 
of the mine by Brockman, who found the development to consist of a 
50-foot shaft and a 150-foot cross cut in ore, the assays of which indi- 


1% For the facts concerning Penrose’s early mining ventures the writer is indebted to 
the generosity of Mr. James W. Furness, of Washington, D. C., and Mr. Spencer Penrose. 


17 Cochise was the name of a famous Apache chief. 
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cated about $100 to the ton. For every ten dollars in silver there was a 
dollar of gold. Brockman wired Penrose and Barringer at Silver City 
to come to Cochise. This they did promptly and after a careful examina- 
tion of the property Penrose decided that it had excellent possibilities 
and that they would proceed with the business. A 90-day option was 
taken on the ranch for $250,000 and on the contract being signed Pen- 
rose and Barringer hurried to Philadelphia to raise the necessary funds. 
The scheme they presented to their old friends was the capitalization of the 
mine for $1,275,000 in dollar shares—of which one million shares were to 
be put in the treasury. An issue of $275,000 of bonds was to be made, the 
collateral for which was to be 275,000 shares of stock. The bonds were to 
be retirable dollar for dollar in stock at the option of the Board of Diree- 
tors. Although Barringer was being staked apparently by Penrose the re- 
maining million shares of treasury stock were to be shared equally by the 
three promoters—if all went well. The promotion was a success. Dr. 
Charles Penrose subscribed $50,000 in cash and the balance was taken 
by friends of the two men. This seems to have been a case of confidence 
in Penrose’s mining knowledge plus social prestige. 

When Drexel, Morgan & Company’s certified cheque for $50,000 was 
offered to the Pearces it was declined and Penrose had to go to Kansas 
City, get $50,000 in gold and thus make the first payment as required 
by the option. When the gleaming gold was offered, the Pearces ex- 
claimed “We did not know that there was so much money in the 
world.” Barringer’s aside comment to Penrose was “Dick, we could 
have gotten this mine much cheaper than we did.” Incidentally the deal 
was nearly upset by Mrs. Pearce insisting on reserving the right to run 
a boarding house. Later she had to be bought out at a nuisance value. 

The three men took off their coats and went to work. Brockman, by 
reason of a previous residence in Mexico, was made manager, as nearly 
all the miners were Mexicans from across the nearby border. The entire 
equipment at the start was a 2-horse winch. In the late summer of 
1892 they were hoisting ore, which had to be hauled eighteen miles to 
Cochise and by rail to Pueblo where was located the old Philadelphia 
smelter. The sampling was all done and watched by Spencer Penrose, 
of the firm of Penrose, Tutt and MacNeill, at Cripple Creek, where they 
operated a sampler. 

In eighteen months there was taken out of the mine a million dollars 
in net returns. The bonds were retired by stock, as provided, and the 
remaining million dollars of shares was divided among the three. In the 
next four years the Commonwealth yielded some $6,000,000. In 1893 a 
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stamp mill was built and the bullion taken out by pan-amalgamation 
and shipped by Wells, Fargo & Co. to the San Francisco mint. 

Doctor Penrose’s presidency of the Commonwealth Mining and Mill- 
ing Company continued from 1896 to 1903, 

The Company had obtained a charter to build a short railroad line to 
Cochise and asked E. H. Harriman, of the Southern Pacific, to take over 
the charter and construct the road. He at first refused but later built 
the road just as the Commonwealth had completed its stamp mill, so 
the little piece of railroad never hauled a pound of ore from the mine. 

When the Commonwealth ceased to pay $100,000 per month Penrose 
decided to get out and he sold his interest in 1898 for something under 
a million dollars to Count Pourtales and his associates. His second min- 
ing venture certainly had turned out well. 

There were collateral benefits also available to those interested in the 
Commonwealth. Through their connections with the Wells, Fargo Co., 
their transporters of bullion, they became aware of the great future 
possibilities of that world-famed corporation and there were profitable 
investments on the part of Penrose in its shares. Then there were some 
eighty leaseholds in iron-ore lands in Grant County, New Mexico, esti- 
mated by Penrose to contain 10,000,000 tons of 40% iron ore. They 
later found their way to the furnaces of the Colorado Fuel and Tron 
Company under the terms of a 20-year lease at 10 cents per ton. 

Under date of April 6, 1932, Mr. James W. Furness wrote as follows: 


“The occurrence of copper in these ores constituted, almost from the start 
of development, a bone of contention between the three partners. Penrose main- 
tained that the amount of copper indicated was only an aggravation and an an- 
noyance: Barringer insisted that the deposit was of the type where oxidation 
had taken place and that in depth pyritic ore would be encountered. In other 
words, the deposit was similar in type to the Rio Tinto of Spain. Penrose 
maintained that the deposit was of the type of metamorphic contact, and time, 
of course, proved Penrose’s view to be the correct one. After receiving royal- 
ties for 20 years, when the Colorado Fuel and Iron Company wished to renew 
the lease Barringer opposed Penrose and the result was the sale of Penrose’s 
interest to Brockman and Barringer.” 


This was a tribute to Penrose’s scientific knowledge and his repugnance 
to discord. 

His able old friend Brockman urged that they join forces in real 
estate purchases in Los Angeles. This he ‘eclined. Brockman’s ventures 
were brilliantly successful and he died a multimillionaire in that city. 
Hardly a year passed that Penrose did not visit him for a week or two 
at his beautiful home in Los Angeles. 
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It must not be assumed, however, that Penrose gave his entire time 
and thought to mines and mining. When the Commonwealth was thor- 
oughly organized and successfully running he contented himself with 
periodic visits and gave the major portion of his attention to strictly 
geologic subjects. In a memorandum prepared by him for the Harvard 
Report he records that in the fall of 1892 he was appointed Associate 
Professor of Economic Geology at the University of Chicago and in 1893 
he gave lectures also on the same subject at Stanford University in Cali- 
fornia. In 1895 he was appointed a full Professor of Economic Geology 
in the University of Chicago. 

As previously stated, he was a man’s man and had an exceptional 
ability to attract by his personality, his genial manner, his well stored 
mind and his friendly attitude to those about him. Wherever he made a 
contact he secured apparently a life-long friend, so it was not strange 
that at the solicitation of his intimates he became interested in the Uni- 
versity of Chicago in its early days and in teaching geology in associa- 
tion with such men as Chamberlin, Salisbury, Van Hise, Walcott, Mer- 
riam and Iddings. The first classes were held in an old apartment house 
of this new institution which was to become a great center of scientific 
education. The class rooms may have been antiquated but not the in- 
struction given the students. 

Mr. W. C. Alden of the U. S. Geological Survey says in a personal com- 
munication: “He was a refined and pleasant gentleman, the classes were 
small and his lectures, which were rather informal, gave us a great deal 
of interesting information about the occurrence of ores and about the de- 
velopments in the various mining regions.” 

Although Penrose’s teaching activities practically ceased at the end of 
two years he always kept in touch with the University and in close asso- 
ciation with his colleagues there. It is said that Professor Chamberlin 
ciation with his colleagues there. He had a very high regard for Professor 
Chamberlin and an excellent authority has expressed the belief that he 
made it possible for his colleague to derive substantial benefits from Utah 
Copper. 

The story of his connection with the University is told by him in “The 
early days of the Department of Geology at the University of Chicago,” 
printed in Vol. XXXVII of The Journal of Geology, which contains a 
reproduced photograph of the five pioneers. 

It was not long before Penrose again became interested in an important 
piece of field work, which, by reason of personal and other relationships, 
later on led to the accumulation of the great fortune which he shared 
so generously with the Geological Society of America. 
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On May 1, 1894, he accepted the appointment of Geologist on the 
U.S. Geological Survey and in company with Dr. Whitman Cross made 
the first detailed report on the gold mining district of Cripple Creek, 
Colorado. 

Under date of March 15, 1932, Dr. Cross gave the writer the follow- 
ing interesting note on his relations with Penrose. 


“Penrose and I had never seen much of each other until we became associ- 
ated in the work of the Geological Survey at Cripple Creek. We did not meet 
very often there, for I was working most of the time in the country immedi- 
ately around the center of the mining operations while Penrose was studying 
the ore deposits underground. I lived in camps and he in town. We naturally 
conferred frequently in camp, in his office room, at lunch or on the rock 
exposures about the mines. We had a mutual interest and became good friends 
very soon. 

“As to Penrose’s personality he was a quiet, reserved type of man, not easy 
to get on intimate terms with, I imagine, even by those with whom he was 
thrown the most. But we were always interested in the same things—different 
phases of one job. We could begin at each meeting where we left off at the 
last one and soon we understood each other very well. 

“T never had reason to change my early impression that Penrose was one of 
the simplest, most straight-forward and thoroughly trustworthy men I had 
ever met. He was simple because his interests were always in advancing the 
job he had on hand. There seemed fewer side issues, less distracting pleasures, 
than in any other acquaintance of mine. His honesty of purpose stood out 
and always for something worth while. One could have confidence that he 
would not mislead, yet he was not inclined to tell all he knew or thought 
unless it was advisable. It would bave been impossible to extract information 
he did not care to give. 

“If Penrose knew how to play I never found it out. His mind seemed always 
on his work. From his accounts of experiences with mining men at Cripple 
Creek I judge he usually gained their confidence quickly by direct approach. 
But few Cripple Creek mine owners or managers were loath to admit him to 
free inspection. 

“Toward the end of his work the Manager of one of the principal mines still 
held out, though seeming friendly enough. After several appointments broken 
by the Manager, Penrose lost patience when once more his man failed to 
appear at the mine office at au appointed hour. So he picked up the telephone, 
got in touch with his man at the hotel in town and something like this went 
over the wire: ‘You’ve broken another engagement. Now let me tell you 
something. If you want me to examine your damned mine before I leave 
town, you've got to be here in fifteen minutes. I won’t wait any longer.’ 
The office force gasped and was frightened. That was language the Manager 
might use but would he take it from Penrose? In less than the time named 
the said official dashed up the hill on a fine horse, rushed in with profuse 
apologies and gave Penrose carte blanche to see everything! 
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“Telling me about it, Penrose remarked quietly, ‘I find that is the only way 
to handle blasted idiots like that chump.’ It was one of the mines he most 
needed to know about! 

“At the close of our work at Cripple Creek, Penrose and I spent an evening 
together summing up our studies and estimating the future for the camp. 
We agreed that intelligent prospecting would develop new ore deposits in a short 
time, but within a limited area. 1 jokingly remarked that Penrose surely 
(and I possibly) could go out and secure abundant capital to back a thorough 
search for new ‘bonanzas.’ We might make a fortune offhand. Taking me 
too seriously he agreed to that but said he should, of course, not take up profes- 
sional work in Cripple Creek for some years at least. It would not be fair to 
the Survey nor to the mine owners who had put confidence in him. 

“He had many connections through which that might have been done and 
the Survey had not adopted, at that time, the policy of securing pledges from 
its employees not to engage in such practices for a term of years, but Pen- 
rose had high ideals of conduct and never violated them for personal gain, 
I am sure. 

“About three or four years ago I had quite a talk with him in Philadelphia 
and he seemed just as friendly and frank as of old. He told me briefly of the 
desires he had cherished to help rejuvenate the University of Pennsylvania 
(frow his position as Trustee, I think) and the Academy of Natural Sciences 
of Philadelphia, of which he had been President for a time. He intimated 
that he was prepared to help them financially but his efforts apparently were 
not appreciated and he had retired from both bodies. He was on the outlook 
for other opportunities. He was no doubt thinking of the Geological Society 
of America, but did not say so.” 


The results of the work of Cross and Penrose were published under their 
joint authorship by the United States Geological Survey in its sixteenth 
Annual Report, under the title, “The mining geology of the Cripple Creek 
District, Colorado.” It forms Part II of “The geology and mining indus- 
tries of the Cripple Creek District of Colorado.” 

In considering the next dramatic episode in a mining way which came 
to Penrose, we can not do better than to let Robert T. Hill again set the 
stage before the curtain is lifted. 


“Something like a year,” writes Hill, in a personal communication to the 
author, “after Penrose came to Texas he was visited at Austin and at my house 
by his brother Spencer, who was also a graduate of Harvard, but of a class a 
year or two later than Richard’s. To their intimates the brothers were 
affectionately referred to as ‘Dick’ and ‘Speck.’ Later, through the combina- 
tion of the scientific and business knowledge of the pair, they were to become 
leaders, for a time, in the mining business of the Rocky Mountain states. 

“A short time after his arrival at Austin, Spencer departed for the west, 
pausing for a time at or near Los Cruces, New Mexico, and later moved 
northward into Colorado, where, in about 1891, we find him getting what we 
Westerners call a ‘toe hold’ in the new and rich mining district of Cripple 
Creek, Colorado. At Cripple Creek Spencer had become associated with a 
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group of vari-talented young men, who, collectively constituted a fine team 
of business, legal and technical talent. These included D. C. Jackling, the 
practical metallurgical and operating man, MacNeill, the executive, and Spencer 
Penrose, the business conceptor, and the organizer of the firm of Penrose, 
Tutt and MacNeill previously referred to. Strong as was this combination of 
young talent, the one requirement that could possibly make it more effec- 
tive was the acquisition later of the skill and knowledge in mining geology of 
Dick Penrose. The combination which was perfected led to the successful 
conquest of one of the most difficult undertakings in the history of mining 
in this country—the development of the copper porphyries of Bingham 
Canyon, Utah, and the combining of production from the low grade copper 
ores through the formation of the Utah Copper Company. 

“These movements of Spencer Penrose are mentioned here because they 
presaged and preceded the great business successes that later came to all 
the group mentioned and led to the amassing of the large fortune of R. A. F. 
Penrose, Jr. Let it not be understood that his succcess was dependent on any 
friendly or brotherly assistance of these associates, for he contributed his 
full, proportionate share to the satisfactory outcome of their combined under- 
takings, and also it should be remembered that he had made for himself, in- 
dependent of the Cripple Creek group, a substantial fortune, through the skill- 
ful application of his knowledge and judgment to the development of the 
Commonwealth mine located in a highly mineralized locality, which had been 
trod over unnoticed for more than fifty years by the thousands who traveled the 
Sante Fé trail. 

“In the few years interim between the termination of Dick’s association 
with the Texas State Geological Survey and the time when Spencer was acquir- 
ing a foothold in the great Colorado Mining camp, his talents were not idle 
and he was making a broad and persistent survey of mining. localities and 
opportunities and extending his acquaintance with persons of consequence in 
the mining world. Nor was research in science neglected. Among his many 
reconnaisances was the study of that remarkable locality in Arizona which 
G. K. Gilbert, through Penrose’s cooperation, visited and described as ‘Coon 
Butte’ and concerning which it was suggested that it might have been formed 
by a gigantic meteorite penetrating the earth’s surface to a great depth. He 
lingered with the proposition until he concluded that the suggested solution 
of this unusual phenomenon was impracticable.” 


We turn now to Penrose’s greatest mining venture. 

Mr. A. B. Parsons, Secretary of the American Institute of Mining and 
Metallurgical Engineers, who is writing the history of the Utah Copper 
Company, very graciously gave me the following statement: “In June, 
1903, D. C. Jackling went to Colorado Springs with the idea of interesting 
Messrs Charles MacNeill and Spencer Penrose in the Utah Copper prop- 
osition. R. A. F. Penrose recommended that J. H. Minard be sent to 
Utah to make a report.” Continuing, Mr. Parsons writes, “MacNeill, 
Spencer Penrose and R. A. F. Penrose went to Salt Lake City with Jack- 
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ling; the first two rather deferred to R. A. F. Penrose’s engineering judg- 
ment, and his approval was a big factor in the decision to finance the early 
development of the project.” 

Commenting on the above statement, Mr. H. Foster Bain of the Ameri- 
can Institute wrote “Minard worried about water supply for milling, but 
Penrose said, on the ground, “That is unimportant since he is worrying 
about something that will not be done, namely, mill at this place” He 
decided that Jackling was right in his estimates and was one of the three 
who came on here [to New York] to take up options, then holding control 
of the stock. I had this direct from him [ Penrose ].” 

Obviously the object of this meeting was the making of final decisions 
as to their participation in the enterprise and in its financing. Un- 
doubtedly there were many other details but it seems certain that Doctor 
Penrose’s approval of the undertaking was essential and that he took a 
prominent part in outlining its financial set-up. As to financing Mr. 
Spencer Penrose contributes this interesting item: 

“When the Utah Copper Company was organized it was difficult to sell its 
shares and the Company’s officers approached the Guggenheims (the only 
people who could do it) for a loan of $3,000,000 with which to build a 6000- 
ton mill. This loan was made and a mortgage taken. The Guggenheims came 
from Philadelphia, and were experts in mining and in the smelting business. 
Later when operations were enlarged the firm of Hayden Stone & Company 
was brought into the enterprise.” 

Thus, in brief, originated the Utah Copper Company, which through 
the scientific wisdom and sound business judgment of this group of min- 
ing experts ultimately led to the consolidation of the low-grade copper 
interests in the West. 

When it came to the question of judgments and decisions Penrose was 
like “The cat that walked by himself” in Kipling’s “Just so Stories.” 
He was a good listener but his conclusions were his own and no informa- 
tion was given out concerning them except of his own volition. He often 
asked his lawyer friend of many years’ standing, John Stokes Adams— 
the door always stood open between their offices in the Bullitt Building 
in Philadelphia—many questions about wills, but his will was in his own 
handwriting and no one saw it until its probation. Still it is a very skill- 
fully drawn document and doubtless embodies many of the suggestions 


of his cherished comrade. 

Early in my more intimate acquaintance with him—the spring of 
1930—when he, Dr. Berkey and myself were on our way to lunch at the 
Columbia University Faculty Club,he turned to me andsaid “What do you 
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think of the business situation, especially copper?’ He knew that all of 
my business connections had been terminated at the peak prices of early 
1929. My reply was to the effect that it was a mighty good time to 
get liquid, sit on the side lines and look on for a year or two, when any- 
thing one wanted could be had at much lower prices. The emphasis 
with which he said “I think so too” caused some surprise on my part. 
Undoubtedly he had long before reached his own conclusion about the 
market and merely sought confirmation of his judgment. At any rate 
when his.will was shown by the Executors in Philadelphia to representa- 
tives of the Society, copper stocks were conspicuous by their absence— 
only one copper company—Nevada Consolidated, of which he was a direc- 
tor—being represented. There was not a share of Utah Copper or Kenne- 
cott among his assets, but there were three and a half millions in cash dis- 
tributed among several banks. The estate consisted almost entirely of low- 
vield, tax-exempt bonds. Had this cash been invested also in high grade 
bonds, the resultant income from his estate would have been approximately 
$450,000 per annum. 

There appears no evidence that Penrose engaged directly in any other 
mining enterprise. His two major activities along mining lines certainly 
gave him much to think of and undoubtedly made heavy demands 
on his time and attention. Aside from this, why should he have tried to 
further increase his already large fortune, his financial future was secure 
and the great field of geology was still before him. 

At this point it may be appropriate to make a slight digression in order 
to refer to the political career of Penrose. No one could become so con- 
spicuously identified with the intérests of a State or Territory without 
attracting the attention of the political world and this was his fate. Any- 
one knowing Doctor Penrose, even casually, would have realized how 
repugnant to such a nature would be the thought of holding a political 
office. The publicity alone, to one of his unusual shyness, would have 
been especially offensive to say nothing of the undesirable social con- 
tacts involved. In August of 1898, the political element of the Terri- 
tory of Arizona, led by Governor N. O. Murphy, concluded that a man 
of his lineage, wealth, personal attractiveness and wide acquaintance 
would make a most desirable Territorial Delegate to the Congress. A 
veritable boom was started. Alas for the plans of politicians, the offer 
is said to have been “scorned.” If so, it is quite certain that it was done 
in a most courteous and gracious manner. In 1900 the question of 
political preferment again came up, this time in the form of an invitation 
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to be a member of the delegation from the Territory to the National 
Convention, but this apparently shared the fate of its predecessor—he 
would have none of it. 

While Penrose continued his western trips to the end of his days, 
from 1901 onward they were interspersed with visits to foreign lands. 
He seems to have lost interest in mining ventures or at least personal 
connection with them beyond directorships and his mind turned ap- 
parently toward the acquisition of knowledge concerning the problems 
of ore deposits and mining in their broadest aspects. 

With the exception of his boyhood tour of Europe in 1881 and his 
visits to Canadian mining districts, his constant tripping about had been 
confined to the United States, during the 20-year period from 1881 to 
1901. He was now to enter on more than a decade of extended and in- 
tensive travel all of which was carefully planned to give him first-hand 
knowledge of the mining areas of practically the entire world. To get 
a clear picture of these journeyings one should turn back to the “List 
of trips,” pages 99-101, and refresh one’s memory from the year 1901 on- 
ward. The very reading of these tours is wearying—what must the actual 
effort have been? They seem, however, to have been a pleasure to such a 
vigorous man as Penrose. Between the spring of 1901 and the spring 
of 1902 there was a year of continuous travel, covering England, Ger- 
many, Austria, Hungary, Serbia, Roumania, Norway, Sweden, across 
Lapland to the Arctic Ocean, Finland, Russia, across Siberia to Vladi- 
vostok, then on to Japan, China, the Philippine Islands and up the Malay 
Peninsula and to the borders of Siam, thence to Ceylon and back to 
Europe via the Suez Canal and en route, visiting Italy, Spain, France 
and other countries. It was not as a sight-seeing tourist that he traveled 
but always “to study ore deposits.” From this tour there came, among 
other things, his charming little volume “The last stand of the old Si- 
beria,” which should be dear to the heart of lovers of good book-making. 
The type, paper, illustrations and binding are all that could be desired 
and in addition it carries an excellent map. The contents form interest- 
ing and instructive reading. 

In 1903 he started from Seattle and did the Yukon region of Alaska, 
visited St. Michaels and Nome, at the mouth of the Yukon and crossing 
Bering Sea made his way southward through the Passes of the Aleutian 
Islands to the Pacific and back to Seattle. 

The following summer of 1904 he was again on his way and traveled 
until the spring of 1905. He covered the Sandwich Islands, Samoan 
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Islands, New Zealand, Australia, Tasmania and back to New York by way 
of Ceylon and the Suez Canal. 

In February, 1906, he was en route to Africa by way of London. He 
visited Durban, Johannesburg, Kimberley, Lorengo Marquez, Zanzibar, 
Mombasa and via the Suez Canal to Cairo, Paris and home by the middle 
of the year. 

In seeking biographical information unexpected episodes sometimes 
occur. When attending, by mere chance, the “Easter egg rolling” cere- 
mony at the White House in 1932, it was my good fortune to meet a 
young lady named Mrs. Stark MeMullin, a protegé and friend of Mrs. 
Hoover. In some curious way which now escapes my memory, the 
name Penrose was mentioned and to my amazement Mrs. MeMullin 
quickly said “Oh, yes, I knew him; when I was a little girl of about 8 
he visited my father in Johannesburg and he used to tell us children 
the most interesting stories.” How incredible. Easter eggs in Wash- 
ington and bedtime stories in Johannesburg, but it is very revealing as 
to une phase of his character and another bit of unexpected testimony as 
to the kindliness and friendliness of this man’s nature. 

South America was yet to be done, so in late March, 1907, he was on 
his way to Liverpool to visit Chile via the Straits of Magellan. He 
touched at points of interest on the west coast, returned to and through 
the Straits to the east coast of South America and after visiting Argentina 
and Brazil returned near the close of the year to America via England. 

The next year, in January, 1908, he was off to the West Indies, stopping 
at Jamaica, Colon, Panama, Venezuela, Barbadoes, Martinique, Danish 
West Indies, Puerto Rico [sic], Cuba and Nassau. This trip would have 
satisfied the ordinary globe trotter but in May he did a little yachting 
along Lower California with C. L. Tutt, of his brother's firm. As he was 
rarely ill at sea, he undoubtedly enjoyed sailing. 

Tn the years 1909, 1910 and 1911 there were trips to Europe in winter 
and to the west in the summer but in 1912 he went to Burma and explored 
the valley of the Irawaddy River, visiting Rangoon, Pegu, Mandalay and 
other places, and returning home via Ceylon, the Red Sea, Malta and 
Marseilles. 

There is no note book of this trip among his literary effects. He often 
spoke of doing something definite in a geologic way in the Burma dis- 
trict, but though his own inclinations were supplemented by strong urg- 
ings from his friends, nothing tangible came of it. 

He again visited Europe in 1913 and later attended the International 
Geological Congress in Toronto, Canada, but the World War which began 
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in the summer of 1914 put an end to foreign trips for four years. When 
the United States entered the conflict he gave his services to the National 
Research Council until the close of the war in November, 1918. In 
April of 1917 there was published by J. B. Lippincott & Co., under the 
auspices of the Council, his booklet entitled “What a geologist can do 
in war.” 

The bibliography of Doctor Penrose, printed at the close of this Memo- 
rial, is given just as it was prepared by him or under his immediate super- 
vision. The sixty titles include a few papers not strictly geological and 
there are some duplications; that is, practically the same articles but ap- 
pearing in different publications. An analysis of these sixty titles revealed 
that only about half of them are geologic in character. 

From the years spent in Texas and Arkansas, the investigations in the 
Cripple Creek District and indeed from all the work done up to 1901, 
when he began his world-wide travels, there was a reasonable expectancy 
that there should have come from him in monographic form splendid 
results that would shed lustre on his name as a geologist—especially as 
he was in that year only thirty-eight years of age and had shown not 
only masterly interpretative powers but great breadth of vision in his 
chosen field of work. Merit is not to be determined by numbers of papers 
or pages but from these thirteen years of wanderings, between 1901 and 
the Great War, and from the large expenditure of physical effort and 
money in connection therewith, there came but ten papers, only one of 
which runs to as much as thirty-two pages. 

From the Alaskan trip came “Gold mining in Arctic America,” 3 
pages; from the Japan-China trip came “The tin deposits of the Malay 
Peninsula,” 10 pages; from the South African trip came two papers: 
“The Witwatersrand gold region, Transvaal,” 15 pages and “The Premier 
Diamond Mine, Transvaal,” 10 pages; from the South American trip 
came “The gold regions of the Straits of Magellan and Tierra del 
Fuego,” 15 pages and “The nitrate deposits of Chile,” 32 pages; the 
Australian trip yielded “Kauri gum mining in New Zealand,” 7 pages; 
the trip to England resulted in “The pitchblende of Cornwall,” 11 pages; 
his wide experiences throughout America furnished the material for “The 
history of gold mining in the United States,” 17 pages and “Radium and 
uranium, their uses and occurrences,” 15 pages. These are all admirable 
studies but when taken in connection with his familiarity with ore deposits, 
both actual and theoretical, one wishes that there might have been by re- 
search and compilation exhaustive monographs on this important sub- 
ject. If this was unattractive, why could there not have been estab- 
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lished under his supervision, a small corps of capable geologists to do 
effective work in the Burma district or other localities? Even his expan- 
sive programme of travel need not have interfered with such a work, and 
science would have been the gainer. There were available resources, in 
the way of income, of from $300,000 to $400,000 per annum—a sum 
ample to finance such enterprises. 

His publications in the last twelve years of his life were not numerous 
nor did they have, with one or two exceptions, a direct bearing on the 
geologic field. The foregoing observations are not meant as criticisms— 
merely as an expression of regret that with such talents and such material 
resources more was not accomplished in this field of research. One may 
ponder indefinitely over such a problem without reaching a solution. Did 
he become hedged about with other time-consuming demands; or did his 
large estate mean that he was “cumbered with much serving.” The fol- 
lowing extract from a letter which the writer received recently from Mr. 
John Stokes Adams of Philadelphia throws much, but not complete light 
on the problem since it deals only with the closing years of Doctor Pen- 
rose’s life. 


“I think that the apparent cessation of Penrose’s activities in the geological 
field during the last ten or twelve years of his life is to be accounted for by 
two facts: (1) That after the severe illness which he had about 1923 he did 
not have the physical vigor which characterized his early life; and (2) during 
the last decade of his life he devoted an increasing amount of time to public 
service outside of his special field. 

“He was a trustee of the University of Pennsylvania from 1911 to 1927 and 
was very diligent in the performance of his duties in that position. 

“He was a manager of the Wistar Institute of Anatomy and became par- 
ticularly interested in the work of the Institute. 

“From 1922 to 1926 he was President of the Academy of Natural Sciences 
of Philadelphia. During these years the interests oft the Academy were his 
principal occupation. My observation was that everything else was subordi- 
nated to this work. 

“In 1927 he was appointed a member of the Board of Commissioners of Fair- 
mount Park and from that time until his death he actively and conscientiously 
performed the duties of that position. 

“In 1928 he was appointed a Trustee, and subsequently Vice President and 
Director, of the Free Library of Philadelphia. He gave his duties in this 
position the same careful attention that was characteristic of him in every- 
thing that he did. 

“At the same time he was a member of the Commission for the erection of 
a statue of his brother Boies on the capital grounds at Harrisburg. Most of 
the work of that Commission fell upon his shoulders. 

“About three years ago he determined to write the biography of his brother 
Boies, the Senator, and the preparation of material for this work and the 
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writing which he had gotten under way were the chief occupation of the last 
two years of his life. i think it is particularly regrettable that he died before 
finishing this work. 

“During all this period he was member of the Board of Directors of six busi- 
ness corporations, which, of course, oecupied considerable time. 

“As his fortune grew the matter of investments and care of his money oc- 
cupied an increased amount of time. 

“You ‘will see, therefore, that there was no stagnation. By reason of his 
diminished physical vigor the prolonged hours of work to which he had 
previously been accustomed became impossible and the enlarged sphere of 
his activities necessarily left him less time to devote to his favorite subject.” 


Richard Penrose possessed great capacity for making friends and as 
the years went by and his interests expanded, these friends grew to be a 
small selective army scattered over the world. It was inevitable that a 
man of his business astuteness should become a member of numerous 
business directorates and widely distributed clubs. Of the latter there 
were more than two score and yet he was never in the least sense a “club 
man.” Crowds were obnoxious to him and the usual activities of clubs 
unattractive. Probably he more nearly touched social life at the Rabbit 
and at the meetings of the Wistar Association than at any other points. 
Each member gave a Wistar party at an appointed time. Those given 
by Doctor Penrose were unusually brilliant affairs. 

Through inheritance and training he had a complete knowledge of the 
pecuniary rewards to be obtained from walking wisely in the market place 
but the building up of his large material assets was purely a by-product 
of his scientific life. Geology was his outstanding: love. 

It was my good fortune to know Doctor Penrose intimately during 
the two years preceding his death. Few persons I have met made a 
stronger appeal. He was free from all pettiness of life and from those 
habits and vices which so frequently mar social relations. He was 
kindly both in attitude and spirit—even gentle. There was a quietness 
in his demeanor and conversation that gave him the air of a silent man. 
His benevolences, always thoughtfully chosen, were many but not adver- 
tised. His manner was courtly and deferential. Possessing a command- 
ing figure and charming presence, he was nevertheless modest even to the 
point of shyness. Life’s experiences had taught him caution but when 
he gave his confidence it was almost with abandon. He was a born 
aristocrat scientifically and personally, but without even a hint of ostenta- 
ciousness or of snobbishness. His standards in life and in science were 
high and unyielding—he lived his best and did his best. He characterized 
an attempt to collect money for a research fund, by using the name of a 
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deceased scientist, as getting down to “low levels” through commercializing 
a noble name and career. When, among other things, it was suggested 
that he create a trust during his life time for the benefit of the Geologi- 
cal Society and participate in its administration, he almost shuddered 
and replied, “Oh, no! It would look like purchasing the regard of my 
friends.” His horror of such a step obscured its wisdom. It is the one 
case of bad judgment the biographer has discovered. 

His was a buoyant nature and he enjoyed good literature, good poetry 
and that type of social life where matters of real interest were reviewed 
and there was opportunity for outspoken free discussion. 

His‘ manuscripts were composed with meticulous care and he welcomed 
any criticisms which would improve them. His esthetic sense was keen 
and he possessed skill in designing. It may not be known to some of the 
Fellows that he designed the medals presented by him to the two Geologi- 
cal societies. 

He never married and to me seemed a very lonely man but apparently 
was wholly unaware of it. He was wedded to his scientific work. Pos- 
sibly Longfellow’s lines to Agassiz may have application to him: 

“And he wandered away and away 
With Nature, the dear old nurse 
Who sang to him night and day 
The rhymes of the universe. 
And whenever the way seemed long 
Or his heart began to fail, 
She would sing a more wonderful song 
Or tell a more marvelous tale.” 


Doctor Penrose lived a blameless, honorable, successful and well 
rounded life. His ambition for the Society was that it should become 
a clearing house for all things geological. His devotion ‘to it prompted 
him to devise a way by means of which, even though dead, he could still 
lend a helpful hand to its welfare and to the promotion of his beloved pro- 
fession. His oft repeated expression that he wished to do something 
magnificent for the Geological Society is authentic. Could it have meant 
only a strong attachment to science and his scientific colleagues or was 
there back of it an effort to recapture the ideals of his youth—to accom- 
plish in a vicarious way the things which undoubtedly he had often 
dreamed of doing himself. 

In Richard Penrose’s philosophy of life there was no place for the theory 
of “mort main.” He has thrown to the Geological Society gladly and 
unencumbered a glowing torch—its task is that of holding it high. 
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List OF TRIPS MADE BETWEEN 1881 AND 1933 


“1881. Trip from Vhiladelphia to England, Scotland, Belgium, Holland, 
Germany, France and Switzerland, visiting the principal cities and other places 
of interest in these countries, including some of the larger glaciers of Switzer- 
land. [His first college vacation. ] 

“1882. Trip on horseback from Philadelphia to Niagara and return. 

“1883. Trip from Philadelphia to Montreal, Ottawa, Quebec, and down the 
Saint Lawrence to Tadusac; thence up the Saguenay to Chicoutimi and return. 

“1884. Trip from Philadelphia to Montana and through the Yellowstone 
National Park, including some trips in the region outside of the Park. 

“1885. Trip from Philadelphia to Nantucket and Martha’s Vineyard and 


“Maine. Thence to Montreal, Ottawa and through the phosphate regions of 


the provinces of Quebec and Ontario. The object of this trip was to do geologi- 
cal work, and especially in Canada to study the phosphate deposits. 

“Later in the same year, trip from Philadelphia through North Carolina, 
South Carolina, Georgia and Florida, studying the Tertiary and later forma- 
tions of the coastal region, and especially the phosphate deposits contained 
in these formations. 

“1886. Trip from Philadelphia to Montreal, Ottawa, Quebec, down the Saint 
Lawrence to Tadusac, up the Saguenay to Chicoutimi and thence overland 
to Lake Saint John. Returned to Montreal and spent the rest of the year 
managing phosphate mines in the Province of Quebec. 

“1887. Numerous trips through the phosphate regions of Quebee and 
Ontario managing phosphate mines. 

“1888. Numerous trips in Quebec and Ontario managing phosphate mines. 

“Later in the year trip from Philadelphia to Texas and various shorter trips 
throughout the State of Texas as assistant geologist in charge of eastern Texas 
on the Geological Survey. J 

“1889. Various trips through eastern Texas doing geological work as as- 
sistant geologist on the Geological Survey of Texas. During this time made 
a trip in a small boat down the Rio Grande River from Eagle Pass to Mata- 
moras and Brownsville, working out the geology of the lower Rio Grande. 

“Later in the same year made a trip from Texas to Little Rock, thence to 
Toronto, Montreal, Nova Scotia and Cape Breton, studying the geology of 
the manganese deposits of eastern Canada. Thence, following the same study, 
made trip south from Canada through the New England, Middle and Southern 
States, thence to Colorado, Nevada, California, Oregon and Arizona, back to 
Little Rock. The object of this trip was to study the manganese deposits of 
the United States and Canada in connection with my work on the manganese 
deposits of Arkansas, as assistant geologist on the Geological Survey of 
Arkansas. 

“1890. Various trips throughout the State of Arkansas as assistant geologist 
on the Geological Survey of Arkansas, paying special attention to the geology 
of the iron and manganese deposits of that State. 

“4891. Various trips in Arkansas similar to those of 1890 for the first half 
of the year. In the latter half of the same year, trip from Philadelphia to 
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Montana, Yellowstone Park and the mining regions of Butte City, Phillipsburgh, 
Cook City, Leadville and other western mining regions. The object of this 
trip was to study ore deposits. 

“1892. Trip from Philadelphia to New Mexico, Arizona and thence to Colo- 
rado, Wyoming and other Western States. The object of this trip was to 
study the gold, silver and copper mines of the southwest, and coal mines of 
New Mexico and Colorado. 

“1893. Trip from Philadelphia to California, Nevada, Colorado and other 
Western States. The object of this trip was first to give a course of lectures 
at Leland Stanford University and afterwards to study Western ore deposits. 

“1894. Trip from Philadelphia to New Mexico, Arizona, Colorado, Utah, 
Idaho, and other Western States, studying Western ore deposits. 

“1895. Trip from Philadelphia to New Mexico, Arizona, Colorado, Utah and 
Idaho, studying Western ore deposits. 

“1896. Several trips from Philadelphia to Arizona, California, and Colo- 
rado, and back to Philadelphia, on mining business. 

“1897. Several trips from Philadelphia to Arizona, California, and Colo- 
rado on mining business. Also trip from Denver to Mexico, studying ore 
deposits. 

“1898. Several trips from Philadelphia to Arizona, California, and Colo- 
rado on mining business. Also trip to State of Washington and British Co- 
lumbia for the same purpose. 

“1899. Several trips from Philadelphia to Arizona, California and Colo- 
rado on mining business. Also trip from Philadelphia to Montreal, Ottawa, 
Winnipeg, Vancouver, Victoria, Seattle, Portland and other intermediate 
places. 

“1900. Several trips from Philadelphia to Arizona, California and Colo- 
rado on mining business. 

“1901. Trip from New York to England, Germany, Austria, Hungary, Ser- 
via, Roumania, France, Norway, Sweden, including a trip across Lapland 
from the Gulf of Bothnia to the Arctic Ocean. Thence to Finland, Russia, and 
across the Ural Mountains to Siberia; through Siberia and across Lake Baikal 
to Stretensk in east Siberia, which was then the most easterly point that could 
be reached by the Siberian Railway. Thence down the Shilka River to the 
Amoor River, and down the Amoor to Habarovsk; thence overland to Vladi- 
vostok. Thence by sea to Japan and through a large part of that country. 
Thence to China and the Philippine Islands and to the Malay Peninsula. 
Thence overland through the Malay Peninsula almost to the Siamese frontier. 
Thence to Ceylon and back to Europe via the Suez Canal, visiting Italy, Spain, 
France and other countries. The object of this trip was to study ore deposits 
of parts of Europe and Asia, including the iron mines of Lapland, the coal, 
gold and other mines of Siberia, the copper mines of Japan, the tin mines of 
the Malay Peninsula, the graphite and precious stone mines of Ceylon, the 
sulphur mines of Sicily, the iron mines of Elba, the copper and iron mines 
of Spain, etc., ete. This trip extended from the spring of 1901 until the 

spring of 1902. 

“1902. After returning from the last mentioned trip, made several trips 
to Arizona, California and Colorado on mining business. 
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“1903. Several trips to Arizona, California and Colorado on mining business. 

“The same year made a trip from Philadelphia to Seattle in Washington; 
thence up the coast of British Columbia and Alaska to Skaguay. Thence 
inland to the Lewes River. Thence down the Lewes River to the Yukon, and 
down the Yukon to Dawson City. Several short trips around Dawson City, 
and thence down the Yukon to St. Michaels and Bering Sea. Thence to Cape 
Nome. Thence south through Bering Sea to the Aleutian Islands and thence 
back to Seattle. 

“1904. Several trips to Arizona, California and Colorado on mining business. 

“Later in the same year made a trip from San Francisco to Sandwich 
Islands, Samoan Islands, New Zealand, Australia, Tasmania and back to New 
York by way of Ceylon, the Suez Canal and Europe. This trip extended from 
the summer of 1904 until the spring of 1905. The object of this trip was to 
study the ore deposits of the regions mentioned. 

“1905. Several trips from Philadelphia to California and other Western 
States on mining business.” 


The following are the additions made in Doctor Penrose’s handwriting: 


“1906. Sailed from New York, February 6, 1906 on Kaiser Wilhelm der 
Grosse for England—thence to Paris—thence to London. On March 12, sailed 
from Southampton for Cape Town, thence Durban, Johannesburg, Kimberley 
and thence back to Durban. From there to Lorenco Marquez, Zanzibar Mom- 
basa, et cetera, to Suez Canal, Cairo and thence to Venice, Paris, and home, 
arriving Philadelphia July 4th. 

“Later in [the] year a trip to California, Utah, Colorado, et cetera, on 
mining business. 

“1907. Sailed March 22d on Cedric from New York to Liverpool, thence 
to London. Sailed April 8th from Liverpool for Chile via Straits Magellan, 
visited various parts of west coast of South America; thence back through 
Strait up east coast of South America, visiting Argentine and Brazil; thence 
to England and thence home, arriving about November. 

“1908. Sailed January on Oceana for West Indies, visiting Jamaica, Colon, 
Panama, Venezuela, Barbadoes, Martinique, Danish West Indies, Puerto Rico, 
Cuba, Nassau, et cetera, returning to New York [in] February. 

“Later in Spring (May 5th) went West to New Mexico, California, Utah, 
Lower California, Colorado, et cetera, on mining business. Went to Lower 
California on yacht of C. L. Tutt [of the mining firm of Spencer Penrose, Tutt 
and McNeil] from San Diego. Returned to New York August 6th. 

“1909-1911. In 1909, 1910 and 1911, went to Europe in the winter and went 
West in the summer. 

“1912. Went to Burma via Marseilles, Red Sea and Ceylon. Traveled over 
interior in valley of Irawaddy River, visiting Rangoon, Pegu Mandalay, et 
cetera. Returned via Ceylon, Red Sea, Malta, Marseilles, Paris, London and 
New York. 

“19138. Went to Europe in winter and West in summer. Attended twelfth 
International Geological Congress in Toronto in August.” 
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MEMBERSHIPS AND POSITIONS HELp BY R. A. F. PENROSE, JR. 


Geological Exploration with Professor N. 8S. Shaler of Harvard University, 
1885-86. 

Manager of Mines of Anglo-Canadian Phosphate Company, Canada, 1886-88. 

Assistant Geologist on Geological Survey of Texas, 1888-89. 

Assistant Geologist on Geological Survey of Arkansas, 1889-92. 

Fellow of the Geological Society of America, 1889-1931. 

Geologist in charge of Mining Geology, U. S. Geological Survey, Cripple Creek, 
Colorado, 1893-96. 

Associate Professor of Economic Geology, University of Chicago, 1892-95. 

Full Professor of Economic Geology, University of Chicago, 1895-1911. 

Lecturer on Economic Geology, Stanford University, 1893-94. 

Editor and Associate Editor of Journal of Geology, University of Chicago, 
1893. (Editor 1892-1911; Associate Editor, 1911.) 

Member Executive Committee Hanover Bessemer Iron Ore Association, 1899- 
1915. 

President Commonwealth Mining and Milling Company, Arizona, 1896-1903. 

Member of Visiting Committee to Department of Mining, Harvard University, 
1902-23. 

Associate of University Museum of Harvard University in Geology, 1903-06. 

Trustee of the University of Pennsylvania, 1911-27. 

Member of International Jury of Awards in the Gold Section, Department of 
Mines and Metallurgy, Universal Exposition, St. Louis, Missouri, 1904. 
Member of Committee on Hayden Memorial Geological Award, Academy of 

Natural Sciences of Philadelphia, 1905. 

Member of Board of Advisory Engineers invited to inspect and advise about 
the holding up of the ground in the old coal mines under Scranton, Pa., 
1908-10. : 

Delegate to International Geological Congress, Stockholm, Sweden, as repre- 
sentative of the American Philosophical Society, 1910. 

Member of Committee on Economic Geology, American Institute of Mining 
Engineers, 1913. 

Delegate to International Geological Congress at Toronto, Canada, from Uni- 
versity of Pennsylvania, American Philosophical Society, and the Frank- 
lin Institute, Philadelphia, Pennsylvania, 1913. 

Member of Council American Philosophical Society, at intervals between 
1907 and 1916. 

Member of Publication Committee of the American Philosophical Society, 
1903-27. 

Member of Visiting Committee to Department of Geology, Mineralogy and 
Petrography, Harvard University, 1915-28; also from 1925-1931. 

Member of Visiting Committee to School of Engineering, Harvard University, 
1915-23; also from 1925-31. 

Member of Council, The Geological Society of America, 1914-16. 

Member of Publication Committee The Geological Society of America, 1916. 

First Vice-President The Geological Society of America, 1919. 

Member of Council Mining and Metallurgical Society of America, 1913-1931. 

Member Board of Directors of The Wistar Institute of Anatomy and Biology, 

1915-1931. 
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Director of Colorado-Vhiladelphia Reduction Company, 1896-1900. 

Director of Gila Valley, Globe & Northern Railway Company, Arizona, 1898- 
1903. 

Director of Philadelphia, Germantown and Norristown Railroad, 1900. 

Director of Ridge Avenue Passenger Railway Company of Philadelphia, 1909. 

Fellow of the Royal Geographical Society of London; Fellow American Geo- 
graphical Society ; Member National Geographical Society; Fellow of the 
American Association for the Advancement of Science; Fellow of the 
Colorado Scientific Society ; Member of the Franklin Institute of Philadel- 
phia; the Washington Academy of Sciences; the Geological Society of 
Washington; the Hakluyt Society of England; the Mining and Metallurgi- 
cal Society of America (member of Council, 1910) ; the American Institute 
of Mining Engineers, etc.; Member of the Geology Committee of the Na- 
tional Research Council, 1917-23; Zoological Society of Philadelphia ; Uni- 
versity Museum (Philadelphia) ; American Museum of Natural History, 
New York; Historical Society of Philadelphia. 

Member of Geology Committee of the National Research Council, 1917-19 
(War time service). 

Chairman of the Sub-Comnittee of Geology and Paleontology Committee of 
the National Research Council, on Water Supply for Military Camps, 
1917-18 (War time service). 

Member of the Sub-Committee of Geology and Paleontology Committee of the 
National Research Council, on Materials for Rapid Highway Construc- 
tion, 1917-18 (War time service). 

Member of several other Committees on War Work of the Division of Geology 
and Geography of the National Research Council, 1917-18 (War time 
service). 

Member of the Division of Geology and Geography of the National Research 
Council after its permanent establishment as a useful agency for the 
Government, 1919-23, 

Member of Executive Committee of the Division of Geology and Geography 

of the National Research Council, 1920-23. 

President Society of Economic Geologists, 1920-21; member of Executive Com- 
mittee, 1922-25; Council, 1926; Executive Committee, 1928. 

Member of the Academy of Natural Sciences of Philadelphia and President 
from 1922 to 1926. 

Director Utah Copper Company, 1903-04; 1909; 1917. 

Director Kennecott Copper Corporation, 1925. 

Director Nevada Consolidated Copper Company, 1924. 

Director Braden Copper Company, Chile, 1927. 

Delegate to the International Geological Congress, Brussels, Belgium, as 
representative from the United States Government; University of Pennsyl- 
vania ; American Philosophical Society ; The Franklin Institute; Academy 
of Natural Sciences of Philadelphia; Society of Economic Geologists ; 
Mining and Metallurgical Society of America, 1922. 

Member of Board of Commissioners of Fairmount Park, Philadelphia, 1925. 

Delegate to International Geological Congress, Madrid, Spain, from various 
scientific organizations, 1926. 
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Trustee of The Free Library of Philadelphia, 1927; Vice-President of The 
Free Library of Philadelphia, 1929. 
President of the Geological Society of America, 1930. 


BIBLIOGRAPHY ** 


1888 

The nature and origin of deposits of phosphate of lime; Bulletin United States 
Geological Survey number 46, 1888, 143 pages. 

Reviewed in American Journal Science, Third Survey, volume XXXVII, 
1889, pages 417-18. 

This publication was issued originally in manuscript form as a thesis 
for the degree of Ph.D. at Harvard University, which was granted to 
R. A. F. Penrose, Jr., in 1886. Reviewed in Geological Survey of Canada, 
volume 4, 1888-9, pages 102-105-k. Sections of this Bulletin in relating to 
the phosphates (apatites) of Canada were republished in part in the 
Report of the Royal Commission on Mineral Resources of Ontario, 1890, 
pages 436-443. 

The iron ores of eastern Texas. Geological and Mineralogical Survey of Texas. 
First Report of Progress, 1888, pages 54-60. 

1889 

The building stones of eastern Texas. Texas Geological and Scientific 
Bulletin, volume I, number 11, 1889. 

The geology of the Gulf Tertiary of Texas from the Red River to the Rio 
Grande Geological Survey of Texas, First Annual Report, 1889, pages 
5-101. 

Reviewed in American Journal Science, Series Third, volume XLI, 1891, 
page 329. 

The Tertiary-Cretaceous parting of Arkansas and Texas. Published in asso- 
ciation with Professor R. T. Hill. American Journal Science, volume 
XXXVIII, 1889, pages 468-473. 

1890 

The origin of the Manganese ores of northern Arkansas, and its effect on the 
associated strata. Proceedings of the American Association for the Ad- 
vancement of Science, volume XXXIX, 1890, pages 250-52. 

Manganese: Its uses, ores and deposits. Geological Survey of Arkansas; vol- 
ume I, 1890, 642 pages. 

Reviewed in American Journal Science, Third Series, volume XLII, 
1891, pages 516-17; American Geologist, volume VIII, 1891, pages 261-63; 
also in The Nation, Engineering and Mining Journal. 

1891 

Distribution of manganese in North America. Engineering and Mining Jour- 
nal, August 1, 1891, page 126. 

The Tertiary iron ores of Arkansas and Texas. Bulletin of the Geological 
Society of America, volume 3, 1891, pages 44-50. 


38 Doctor Penrose’s secretary, Miss Marion L. Ivens, to whom the author of this 
memorial is under great obligation for the most effective cooperation, wrote, under date of 
April 8, 1932, in respect to the bibliography, “The Doctor checked them [the titles] 
carefully. * * * the list was begun many years ago, and the Doctor added to it from 
time to time.” 
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Review of “The iron ores of Minnesota,” by N. H. Winchell. Geological Sur- 
vey of Minnesota, 1891. American Geologist, 1891. 

The work of the Geological Survey of Arkansas. Arkansas Gazette, Little 
Rock, Arkansas, March 13, 1891. 


1892 

The iron deposits of Arkansas. Geological Survey of Arkansas, volume I, 

1892, 143 pages. 
Abstract and review in American Geologist, volume X, 1892, pages 324- 

25; reviewed in Bulletin American Iron and Steel Association; Age of 
steel, et cetera; abstract in Third Biennial Report of the Commissioner of 
Mines, Manufactures and Agriculture of Arkansas for 1893-94, pages 1387- 
148; also in Fourth Biennial Report of the Commissioner of Mines, Manu- 
factures and Agriculture of Arkansas for 1895-96, pages 119-127. 

Manganese Statistics for 1891. Engineering and Mining Journal, January 2, 
1892. 

Manganese. Published in The Mineral Industry: Its statistics, technology 
and trade. [Edited by R. P. Rothwell], volume I, 1892. 


1893 

Manganese Statistics for 1892. Engineering and Mining Journal, January 2, 
1893. 

Manganese. Published in The Mineral Industry: Its statistics, technology 
and trade. [Edited by R. P. Rothwell], volume II, 1893. 

Review of The Mineral Industry: Its statistics, technology and trade, in the 
United States and other countries; by R. P. Rothwell. Journal of Geol- 
ogy, volume I, 1893, pages 414-418. 

A Pleistocene Manganese Deposit in Northwestern Nevada. Journal of Geol- 
ogy, volume 1, 1898, pages 275-282. 

The chemical relation of iron and manganese in stratified rocks. Journal of 
Geology, volume I, 1893, pages 356-370. 

Notes on some of the state mining exhibits at the World’s Fair. Journal of 
Geology, volume I, 1893, pages 457-470. 

Manganese Statistics for 1893. Engineering and Mining Journal, January 2, 
1894. 


1894 

Manganese. Published in The Mineral Industry: Its statistics, technology 
and trade. [Edited by R. P. Rothwell], volume ITI, 1894. 

Review of “marbles and other limestones,” T. C. Hopkins. Annual Report 
of Geological Survey of Arkansas, volume IV, 1890. Journal of Geology, 
volume II, 1894, pages 339-41. 

The superficial alteration of ore deposits. Journal of Geology, volume IT, 1894, 
pages 288-317. 2 

Reviewed in the Engineering and Mining Journal, April, 1894, and in 
other publications. 

The superficial alteration of ore deposits. 

The same article as mentioned above, but republished in full in 1912 
by the American Institute of Mining Engineers, as a chapter in a special 
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volume, entitled the “Emmons Volume on Ore Deposits,” issued as a 
memorial to the late S. F. Emmons. 

The ore deposits of Cripple Creek. Proceedings of the Colorado Scientific So- 
ciety, volume V, 1894, pages 50-53. 

The mining geology of the Cripple Creek district, Colorado. Whitman Cross 
and R. A. F. Penrose, Jr., United States Geological Survey, 16th Annual 
Report, 1894-95. Part II, pages 111-209, of “The Geology and Mining 
Industries of the Cripple Creek district, Colorado.” 


1895 
Review of “The Penokee Iron-Bearing Series of Michigan and Wisconsin,” by 
Irving and Van Hise. Journal 6f Geology, volume III, 1895, pages 221-24. 


1903 
Gold mining in Arctic America. Engineering and Mining Journal, Novem- 
ber 28 and December 5, 1903, pages 807-809, and pages 852-853 respectively. 
The tin deposits of the Malay Peninsula, with special reference to those of the 
Kinta District. Journal of Geology, volume XI, 1903, pages 135-154. 

An abstract of this paper by the author was published in the Engineer- 
ing and Mining Journal about the same date, at the request of the editor 
of the Journal. This article has been quoted by several books on general 
geology and economic geology. 

1907 
The Witwatersrand gold region, Transvaal, South Africa, as seen in recent 
mining developments. Journal of Geology, volume XV, 1907, pages 735-749. 
The Premier Diamond Mine. Transvaal, South Africa. Economic Geology, 
volume IT, 1907, pages 275-284. 


1908 
The gold regions of the Strait of Magellan and Tierra del Fuego. Journal of 
Geology, volume XVI, 1908, pages 683-697. 


1909 
The gold regions of the Strait of Magellan. 
An abstract of the above by the author. Mining and Scientific Press, 
San Francisco, volume XCVIII, number 4, January 23, 1909. 


1910 
The nitrate deposits of Chile. Journal of Geology, volume XVIII, 1910, pages 
1-32. 

This article was reviewed in several geological and mining journals; 
also in the Bulletin of the American Geographical Society, New York, July, 
1910, pages 582-33; and in the Bulletin de la Societe de Geographie de 
Paris, August 1, 1910. 

Memoir of Persifor Frazer. Bulletin of the Geological Society of America, 
1910, pages 5-12. 
Some causes of ore-shoots. Economic Geology, March, 1910, pages 97-133. 
1911 
Some causes of ore-shoots, being a chapter in a volume entitled “Types of Ore 
Deposits,” pages 324-58, issued by the Mining and Scientific Press of San 
Francisco in 1911. 
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1912 
The history of gold mining in the United States. Popular Science Monthly, 
volume LXXX, 1912, pages 174-190. 
Kauri gum mining in New Zealand. Journal of Geology, volume XXII, 1912, 
pages 38-44. 
1913 
The Twelfth International Geological Congress. Journal of the Franklin In- 
stitute, November, 1913, pages 583-86. 


1914 

Certain phases of superficial diffusion in ore deposits. Economie Geology, 
number I, volume IX, January, 1914, pages 20-24. 

Reviewed in the Mining and Scientific Press of San Francisco in the 
issue of July 4, 1914, page 21, by Professor Andrew C. Lawson, of the Uni- 
versity of California. 

1915 

Certain phases of superficial diffusion in ore deposits. 

This is a quotation practically in full of the above-mentioned article 
published in the Mining Magazine, London, August, 1914, page 140 et cetera. 

The pitchblende of Cornwall, England. Economic Geology, volume X, num- 
ber 2, 1915, pages 161-71. 

1917 

What a geologist can do in war. J. B. Lippincott & Company, Philadelphia, 
April, 1917. 

Published under the auspices of the Geology Committee of the National 
Research Council after the declaration of war with Germany, in April, 
1917. 

Radium and uranium, their uses and occurrence; their political and commer- 
cial control. 

Prepared for the United States Department of the Interior during the 
War, document number 13, 1917, pages 1-15, and also published in a series 
known as “Political and Commercial Control of the Mineral Resources of 
the World.” 

Radium and uranium, their ores and occurrence in nature. Published in 
Report of the Director of the New York State Museum, 1917, pages 
200-208. 

1918 

Memoir of Amos P. Brown. Bulletin of the Geological Society of America, 

volume 29, pages 13-17, 1918. 


1920 
Radium and uranium, being Chapter X in Political and Commerical Geology, 
pages 201-203; edited by J. E. Spurr, McGraw-Hill Book Company, New 
York, 1920. 


1921 
The relation of Economic Geology to the General Principles of Geology ; Eco- 
nomic Geology, volume XVI, number I, 1921, pages 48-51. 
This article was the presidential address delivered by the author at 
the first meeting of the Society of Economic Geologists in Chicago, Decem- 
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ber 18, 1920. A full abstract of it was published in Engineering and 
Mining Journal, volume III, number I, 1921, pages 65-66. 

Summary of Proceedings of the Society of Economie Geologists, 1920-21, pub- 
lished by the Society of Economic Geologists, 1921. 

1922 

The Society of Economic Geologists; its sphere and its future. PEconomic 
Geology, number 2, 1922. 

The last stand of the old Siberia. Published by William F. Fell & Co., Phila- 
delphia, November, 1922, 111 pages. 


1924 
Tribute to Doctor Robert .G. Le Conte. Proceedings of the Academy of Natu- 
ral Sciences of Philadelphia, volume LXXVI, 1924, page 436. 
1925 
The biography of John C. Branner, geologist, 1850-1922. Bulletin of the 
Geological Society of America, number I, volume 36, 1925, pages 15-44. 
Tribute to Honorable John Cadwalader ; Proceedings of the Academy of Natural 
Sciences of Philadelphia, volume LXXVII, 1925, page 378. 
Report of Reorganization of the Academy of Natural Sciences of Philadelphia 
by the President, R. A. F. Penrose, Jr. Year Book of the Academy of 
Natural Sciences of Philadelphia, 1925, pages 5-6. 


1927 


Biographical Memoir of John Casper Branner, 1850-1892. Memoirs of the 
National Academy of Sciences, volume XXI, 1927. 


1929 
The early days of the department of geology at the University of Chicago. 
Journal of Geology, volume 37, number 4, 1929. 


1930 
Geology as an agent in human welfare. Presidential Address read before The 
Geological Society of America, December 29, 1930, volume 42, pages 


393-406. 
Also a number of other reviews, editorials, short biographies, etcetera, in 


various publications. 


MEMORIAL OF ABRAM OWEN THOMAS * 
BY JAMES H. LEES 


Towa has lost a splendid citizen by the death of Doctor Thomas; the 
State University of Iowa, an unusual teacher; and science, an able de- 
votee. The circle of his influence was far from being limited by his 
classroom or his scientific excursions. It reached out into many lines of 
civic as well as scholastic activity and left its impress on student and 
citizen alike. Not content with the mere imparting of geologic knowledge 


1 Manuscript received by the Secretary of the Society, December, 30, 1931. 
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to his classes, he wanted them to see the deeper meanings and implications 
of the facts he taught them, the real philosophy underlying scientific data. 
To quote here the words of a university student, the editor of the Daily 
Iowan, student publication, “When Professor Thomas appeared before 
his classes and spoke with dry Welsh humor and homely farmland phrases, 
the drab academic cloak of his subject fell away and his hearers caught 
the fire and inspiration of one who bowed before the majestic grandeur of 
the universe.” He drew his students away from the dust and stones of 
forgotten ages and ushered them into the very presence of the Maker of 
this life whose wonders he was unfolding before them. With Elijah he 
stood in the cleft of the mountain while the still small voice, inaudible, 
unfortunately, to so many ears, spoke to him of the true meaning of life 
and creation and sent him back to the plains to help his followers become 
leaders of men. 

Doctor Thomas was a natural-born teacher, as was evidenced by the 
fact that Professor Calvin retained him as an instructor immediately 
after Mr. Thomas had received his Master’s degree from the university, 
and by the further fact that he held his connection with the Department 
of Geology unbroken until the time of his death. He made no effort at 
high-sounding oratory in his lectures, either before his students or with 
more general gatherings. But his clear-cut English, his direct and per- 
sonal manner of presentation and his human interest appealed to his 
. audiences and carried them along with him to the goal he wished to reach 
—the appreciation by his hearers of the picture that was in his own mind 
and its value in the mosaic of geologic development or of spiritual progress. 
I think the last public address I heard him give was that before the 
Iowa Academy of Science at the Fairfield meeting in 1929, and his quiet, 
earnest, almost conversational manner of discussing the events and results 
of the Fiji-New Zealand expedition of the State University fairly carried 
his audience with him over all the route he had himself traversed with so 
much enthusiasm and enjoyment. We had for many years followed the 
custom of rooming together on geologic excursions or at scientific meet- 
ings, and we spent many pleasant hours, some of them far in the night, 
discussing people and events and topics of mutual interest. It was 
through these talks very latgely that I learned to appreciate his broad 
point of view and wide grasp of world progress. Our close official rela- 
tions in the work of the Iowa Academy also served to strengthen the bond 
between us and to make me appreciate more fully the care and thorough- 
ness with which he attacked any duty he was assigned. 
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Doctor Thomas was not a native of America, although no one would 
have suspected it from his use of the English language or from any per- 
sonal traits. He was born at Lanbrynmair, Montgomeryshire, Wales, on 
March 21, 1876, and came to Williamsburg, Iowa, in 1882. Here he 
spent his younger years until the time came for his college work, when he 
went to the State University of lowa, receiving the Bachelor of Philosophy 
degree in 1904 and the Master of Science degree in 1909, having spent 
four years teaching at Wellman, lowa, between the work for the two 
degrees. Then followed.several years of teaching in the university, with 
advances from instructor to assistant professor, and a year of advanced 
study in the University of Chicago with such masters as Weller, Williston, 
Chamberlin and Salisbury. He resumed his werk at lowa in 1916 and 
was given a full professorship in 1927. Chicago gave him the doctorate 
in 1923, on the completion of what proved to be his masterpiece—a study 
of the crinoids and other echinoderms of the Devonian of Iowa. In this 
study Doctor Thomas described 24 new species and two new Varieties. 
This work was planned to be only the prelude to a comprehensive dis- 
cussion of the stratigraphy and paleontology of the Iowa Devonian, a 
study that was cut short by his illness and death. It was fortunate, 
indeed, that this one thorough piece of research was completed and pub- 
lished. It forms part of volume XXIX of the reports of the lowa Geolog- 
ical Survey, and it furnishes a fairly accurate index of the original re- 
search yet to be done on the Iowa Devonian. Doctor Thomas also found 
great interest in the study of the fossils of the Silurian system in Iowa, 
and he named and described many previously unidentified forms from 
these two systems. Several papers were presented to the Towa Academy 
and to the Paleontological Society of America, and others appeared in 
various scientific magazines. Doctor Nutting chose Doctor Thomas as 
geologist on the Barbadoes-Antigua and Fiji-New Zealand natural his- 
tory expeditions in 1918 and 1922, respectively. Discussions of the 
geological results of these excursions were prepared by Doctor Thomas 
and were included in the University of Iowa Studies in which these ex- 
peditions were described. Other activities of Doctor Thomas were his 
summer Classes at the Lakeside Laboratory, Lake West Okoboji, in north- 
western Iowa, and at the American School of Wild Life Protection at 
McGregor, in that part of the State so well called by Calvin “The Switzer- 
land of Iowa.” He also participated as joint leader in field conferences 
of the Kansas Geological Society in eastern Iowa and the Black Hills. 

With all these demands on his time and strength, however, Doctor 
Thomas welcomed the opportunity to render: personal service to his stu- 
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dents and friends, and many were the conferences which gave help and 
guidance and the touch of fellowship which do so much to drive away 
discouragement and uncertainty. His more general contacts included 
the Kiwanis Club of Iowa City, of which he was president in 1927-1928 ; 
the Blue Lodge and Acacia ranks of Masonry; and the local Methodist 
Episcopal Church, on whose official board he worked for twenty years, 
and whose Wesley Foundation he helped to guide. His scientific rela- 
tionships included fellowships in the Geological Society of America; the 
Paleontological Society of America, of which he was a Vice-President at 
the time of his death; the American Association for the Advancement of 
Science; and the Iowa Academy of Science, which he served as treasurer 
from 1914. He was president of the Iowa Chapter of Sigma Ni in 
1924-1925, and was also a member of Phi Beta Kappa and Gamma Alpha. 

On August 29, 1900, Doctor Thomas was married to Miss Marietta 
Rosenberger, of Spencer, who still resides at the family home in Iowa City. 

As Doctor Thomas’ church affiliations might suggest, he had the deep 
spiritual consciousness that is typical of the Welsh nature. But far from 
being fanatical, he was exceedingly broad and tolerant in his attitude to- 
ward others in whatsoever relation. He took great pleasure in friendly 
association with people ; his native sympathy enabled him to be peculiarly 
helpful to his slower classmen and insured a constant personal touch; and 
by these means he drew out the best traits and most earnest efforts of his 
students. It seems scarcely needful to add that with these as his dominat- 
ing characteristics his coworkers were strongly devoted to him and that 
they keenly miss his help and his attractive personality. It was, per- 
haps, not so much his acknowledged leadership in the field of science, nor 
even his exceptional adaptability as a teacher, that won him the admira- 
tion and devotion of his associates, but rather the kindly interest and warm 
friendliness that actuated him in his relations with them. The editorial 
quoted before states his attitude very clearly as it says: 

“He paid no court to a God of superstition; he was not bound by the fet- 
ters of blind religion. Yet he was just as far from doing homage to a cold 
and rigid science—he had a broader, more beautiful picture of man’s place in 
the universe. 

“The recognition he won in high scientific circles can never compare with the 
place he has held in the hearts of those whom he led through new vistas of 
understanding.” 


Doctor Thomas had been in poor health for some months, but carried 
on his official duties until the close of the school year of 1929-1930. Soon 
after that, however, he became confined to his bed, in spite of which he 
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continued to work as long as failing strength would permit. Finally, the 
end came on the 13th of January, 1931, and closed a career that had seen 
much of successful accomplishment but that had continually looked for- 
ward to still greater tasks to be undertaken and greater successes to be 
attained. Surely we must hope that in some way this aspiration and this 
forward outlook shall be realized and that Doctor Thomas’ work shall not 
remain incomplete, but that “he shall see the desire of his soul and shall 
be satisfied.” 
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MEMORIAL TRIBUTE TO EMIL TIETZE? 


BY EDWARD B. MATHEWS 


Emil Tietze, Oberbergrat and former director of the Austrian Survey 
and Foreign Correspondent of this Society for many years, died after a 
short illness on March 4, 1931. 

Dr. Tietze had reached the ripe age of 85, having been born in Breslau 
June 15, 1845. 

Dr. Tietze’s personal history is the record of an active, experienced 
geologist who has left a lasting influence on the geological development 
over a wide area of country. Receiving his doctorate in 1869, after years 
of study at Breslau and Tiibingen, Dr. Tietze was appointed an assistant 
in the Austrian Geological Institute, then under the direction of Dr. Franz 
von Hauer. For more than a decade Tietze was engaged in geological 
mapping over a wide region of the monarchy in Galicia, Moravia, Austrian 
Silesia, Serbia, Croatia, Bosnia, and Herzegovina. Outside of the mon- 
archy he traveled widely, conducting geological investigations in Persia, 
Asia Minor, South Africa, North and Central America, and in most of 
the lands of Europe. 

The products of his geological activity resulted in nearly 200 papers, 
varying from short papers of new discoveries or friendly memorials of 
friends to volumes like that on Persia. These papers show a student of 
keen powers of observation, vivid description, and careful evaluation of 
the phenomena observed. They show a man of high character with a power 
for making and retaining friends and a zeal for high scientific quality 
undiluted by opportune concessions to political pressure. 

Active as an administrator, Dr. Tietze naturally was always interested 
in the International Geological Congresses, attending the majority of the 
sessions when he was able to do so, and at the 9th Congress in Vienna in 
1903 he was honored by his fellow-countrymen by election to the presi- 
dency when Professor Edward Suess declined to serve. In attendance at 
these Congresses he visited Washington in 1891, and Toronto in 1913. 

During the last decade or so of his life, when he was relieved of the 
active direction of the Geological Institute, Dr. Tietze retired largely 
from active geological work, as is shown by the cessation of his publications. 

By his marriage to a daughter of von Hauer, his predecessor as Director 
of the Geological Institute, he became intimately associated with all of the 
leading personalities in Austrian geology, and this personal relationship 
has continued with younger geologists through the activities of his son 
and daughter, the latter the wife of Professor W. Petrascheck, the well- 
known geologist of Leoben. 


1 Manuscript received by the Secretary of the Society December 30, 1931, 
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MEMORIAL TRIBUTE TO PIERRE TERMIER + 
BY WALDEMAR LINDGREN 


Pierre Termier, the distinguished French geologist, was elected Corre- 
spondent of the Geological Society of America in December, 1928. 

Termier was born July 8, 1859, at Lyon, and died October 23, 1930, 
seventy-one years old. After graduating with honors in 1883 from the 
Ecole des Mines, where his deep interest in mineralogy and geology mani- 
fested itself, he was appointed mining engineer and first stationed in south- 
ern France. There he first was made acquainted with the grandeurs of the 
Alps. Later, from 1885 to 1894, he was appointed professor at the min- 
ing school of Saint Etienne where his lectures attracted attention for 
their clearness and elegance of diction. From 1886 he was connected with 
the service of the Geological Map of France. In 1894 he was appointed 
Professor of Mineralogy at the Ecoles des Mines in Paris, and continued 
his lectures here for 18 years. In 1909 he became a member of the Acad- 
emy of Sciences; in 1911 he succeeded Michel-Levy as Director of the 
Geological Map of France, in which position he remained to the end, de- 
veloping extraordinary qualities as administrator. Termier was three 
times President of the Geological Society of France and three times also 
President of the Mineralogical Society. He was a commander of the 
Legion of Honor. In June, 1930, he participated in the centenary cele- 
bration of the Geological Society of France, and delivered there a dis- 
course with his usual eloquence and enthusiasm. Few months afterwards, 
returning from a geological visit to Morocco, he was taken ill and died in 
a few days at Grenoble, surrounded by those Alps which he had always 
loved and to the investigations of which he had devoted a lifetime. 

While at Saint Etienne he studied the eroded remnants of Hercynian 
structure, but his real work was begun in the French Alps. Many of his 
papers are published in the Bulletin of the Geological Society of France, 
but some of his most notable contributions are to be found in the papers 
of the International Geological Congresses, many of which deal with the 
whole geological history of the chain. Early in this century he showed 
that the eastern Alps are a gigantic overlap. The western Alps are over- 
ridden by the eastern Alps. He further shows that the foreland and the 
hinterland constitute the two jaws of «1 vice and that their approach led 
to the compression of the geosyncline and to the development of the 
Alpine chain. For the elements of the eastern Alps, Termier used the 
expression “Austro-Alpine Nappes” of which the Tirolides represent the 


1 Manuscript received by the Secretary of the Society March 4, 1932. 
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most powerful elements. He called them the “traineau ecraseur” or 
“crushing sledge” in this overriding movement. 

Another of Termier’s outstanding achievements is the recognition of 
the fact that the “central gneisses” of the Hohe Tauern (Austria) were 
a “window” (fenétre) in the eastern Alps, and he explained in general 
the structure of the region, afterwards confirmed by Kober. Later Ter- 
mier devoted much time to the study of the “Schistes lustrées,” which con- 
sist of a highly metamorphosed series of the same facies but different 
Mesozoic age and, indeed, even Eocene age. In the Briangon zone of the 
French Alps Termier has shown that the Flysch (Eocene) forms the 
upper part of the “Schistes lustrées.” 

In connection with Alpine structure, Termier devoted much attention to 
the phenomena of metamorphism. A notable paper on the crystalline 
schists of the western Alps was published in the Comptes Rendus of the 
11th International Congress in Stockholm. 

Many papers also deal with the effect on rocks of extreme crushing, 
producing “Mylonites”; from the Alps and from Elba and many other 
places Termier has described such products of dynamic metamorphism. 

Those of us who have had the opportunity of meeting and associating 
with Termier, say, for instance, at the Geological Congress in Stockholm 
(1910) and Canada (1913), are not likely ever to forget him. His logic, 
clearness and eloquence in presenting a subject were outstanding and he 
was always chosen when the viewpoint of French science was presented to 
geologists of other nations. He passionately loved nature and science 
and his enthusiasm was always communicated to his listeners. His per- 
sonal qualities were extremely attractive; he was a rare combination of 
scientist and artist. Some of these aspects of his work are contained in 
his much admired book, “Reminiscences of a Geologist.” The greater 
part of Termier’s work related to the Alps, though he has also worked 
extensively in northern Africa. It is safe to say that when the final his- 
tory of the Alpine chain is written, Termier’s name will always be honored 
as one of those who contributed most to the deciphering of these wonder- 
fully complex structures. 


ADDRESSES OF WELCOME 


Both Russell S. Knappen, President of the Tulsa Geological Society 
and Lovic P. Garrett, President of the American Association of Petroleum 
Geologists, were in attendance at this opening session and addressed the 
Society, extending the welcome of their respective organizations: 
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ADDRESS OF WELCOME BY RUSSELL S, KNAPPEN 


Mr. President and Members of the Geological Society of America: 
The Tulsa Geological Society welcomes you to Tulsa. We are honored 


by your visit. This is the second annual meeting of the Geological . | 


Society of America west of the Mississippi River. In 1907 you met in 
Albuquerque, New Mexico. Something most unpleasant must have hap- 
pened in Albuquerque, for it has been 24 years since you last ventured 
across the Mississippi River. We trust your meeting in Tulsa will be 
more pleasant and that you will come to us again in two or three years. 

A revolutionary change has come upon part of our profession since the 
Albuquerque meeting. At that time virtually all economic geologists 
were seeking ores. So far as I can learn, only two members of the Society 
were then petroleum geologists. Today the ore-deposit men have ceased 
to develop new mines and instead are seeking new markets. On the 
other hand, more than a third of the members of the Geological Society 
of America today are also members of the American Association of 
Petroleum Geologists. Instead of looking for ore, you now seek gasoline 
for your automobile. That faithful vehicle would not travel far on a 
diet of chalcocite or hematite, but with injections of petroleum products 
it is a delight to the eye, even though it may sometimes be an offense to 
the nostrils. 

Sir Christopher Wren designed and built Saint Paul’s cathedral in 
London, one of the great churches of the world. There he is buried. 
Over his grave one finds the legend, “If you would read his epitaph, look 
about you.” Paraphrasing, the Tulsa Geological Society says, “If you 
seek the results of petroleum geology, look about you.” ‘Tulsa, the city 
in which you meet today, is a product of petroleum geology. 

Thirty years ago, Tulsa was a hamlet of less than 1,000 people, while 
our neighbor, Sapulpa, boasted 5,000 inhabitants. Sapulpa erected a sign 
at the city limits reading, “Sapulpa, the Oil Capital of Oklahoma.” Not 
to be outdone, the hardy pioneers of Tulsa erected a larger signboard with 
the challenge, “Tulsa, the Oil Capital of the World.” It is a matter of 
record that Sapulpa contained the majority of the oil producers but 
Tulsa had the oil geologists. Therefore, Tulsa prospered and today, in 
memory of our predecessors, our automobiles still proclaim, “Tulsa, the 
Oil Capital of the World.” 

Je Tulsa geologists appreciate the honor of your visit. We hope our 
arrangements will please you. In addition to the field trips about which 
you have already been informed, we will be glad to arrange for visits to the 
laboratories and offices of various geological departments. Over a billion 
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dollars have been spent in drilling oil wells in Oklahoma alone. As a 
result, our geological work is done in three dimensions. You may be 
interested in some of our office methods for recording and interpreting 
this information. In the laboratories we will gladly show you some recent 
developments in micropaleontology. One of our local geologists, Mrs. Ed- 
son, has recently proved the occurrence of meteoric material in sandstones 
of diverse ages. As a by-product of petroleum geology, we have here an 
interesting confirmation of part of Chamberlin’s planetesimal hypothesis. 

But we did not invite you here so that we might exhibit our achieve- 
ments. We geologists, far from the research centers of the country, look 
for inspiration and guidance to the Geological Society of America. Your 
visit will give us a new vision of service to our profession and will sug- 
gest many new aspects of our problems for further consideration. These 
three days will live long in our memories as eventful and invaluable oppor- 
tunities. 

This is a joint meeting of your Society with the American Association 
of Petroleum Geologists. The President of that organization will address 
you. The Tulsa geologists welcome you both. We hope you will both 
return and visit us often. 


ADDRESS OF WELCOME BY LOVIC P. GARRETT 


Mr. Chairman, Ladies and Gentlemen: 

On behalf of the American Association of Petroleum Geologists I wish 
to welcome you to Tulsa, the home of the American Association of Petro- 
leum Geologists. 

While not a member of the Geological Society of America, this Society 
is very dear to me. The three individuals who have contributed most to 
my success in a geological way were Fellows of your Society. I refer to 
Dr. Frederick Simonds, Dr. Robert T. Hill, and Dr. E. T. Dumble. 

Early in my career I was very ambitious and had aspirations of becom- 
ing a member of your Society. I was advised by Dr. E. T. Dumble to 
read every article appearing in publications of the Geological Society of 
America, not only to read them but endeavor to understand them. I carried 
these publications home with me and became very scientific—I might 
say scientific to the nth degree. My child could cry for half an hour or 
more without being heard. At this stage of my scientific career Mrs. 
Garrett interfered. She informed me she liked to go places and see things, 
and that if it was necessary for me to spend all my time trying to become 
scientific, she would rather have me just an oil geologist, so I am here not 
as a member of your Society, but simply to represent the oil geologists. 
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While it is true that every industry which derives its revenue from the 
mineral resources of this country looks upon the Geological Society of 
America as its back-log for scientific information, no industry appreciates 
or recognizes the wonderful work done by your Society more than does 
the petroleum industry. We needed something besides a back-log, and 
the American Association of Petroleum Geologists was founded, and to 
my mind this Society has not only furnished the kindling, but has fur- 
nished the front-log and middle-log, which have helped to keep aglow the 
back-log, the Geological Society of America. 


SESSION FOR THE PRESENTATION OF SCIENTIFIC PAPERS 


TITLES AND ABSTRACTS OF PAPERS 
ISTHMIAN LINKS 
BY BAILEY WILLIS 
(Abstract) 


It is being established beyond question by biological evidence that migra- 
tions of terrestrial organisms have occurred in the past, where now wide seas 
intervene, the fact of former connections between such continents as South 
America and Africa or Africa and India demands recognition and explanation. 

It appears that a rational approach to the question of former continental con- 
nections may be found by examining the conditions governing modern conti- 
nental linking, as between North and South America via the isthmus of 
Panama. That isthmus is a ridge, recently uptruded between the Caribbean 
and adjacent Pacific deeps. All geologists who have published on the geology 
of the framework of the Caribbean describe the uptrusion of island blocks or 
of volcanic piles and the compression of surrounding mountain chains by 
pressure exerted radially from the Caribbean deep. In this respect the Carib- 
bean takes its place as an active illustration of the general fact that the mar- 
gins of deeps are or have been subjected to pressures originating within or 
under the deep itself. 

Following this clue we find four deeps beneath the Atlantic, which are so 
situated that the submerged ridge between them extends from Cape San Roque 
to the region of Cape Verde. Similarly a ridge lying between deeps of the 
northwestern and central areas of the Indian ocean extends from Africa to 
India, via Madagascar, the Seychelles, and Maldive islands. 

Thus it is the thesis of this paper that the deeps to which reference has 
been made were active in Permian time and probably during earlier epochs 
also, as the Caribbean has been during the later Tertiary and Pleistocene, and 
that their margins were uptruded or upthrust in such a manner as to estab- 
lish inter-continental, isthmian links. 
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The following paper was read by D. F. Kidd in the absence of the author. 
EARLIEST USE OF THE TERM GEOLOGY 1 
BY FRANK D. ADAMS 


Sir Archibald Geikie, in his “Founders of Geology,” states that to “De 
Saussure, so far as I have been able to discover, we owe the first adoption 
of the terms ‘geology’ and ‘geologist’. This science had formed part of 
mineralogy and subsequently of physical geography. The earliest writer 
who dignified it with the name it now bears was the first great explorer 
of the Alps.” 

This refers to the use of these terms in the “Discours Preliminaire” 
in volume 1 of De Saussure’s “Voyages dans les Alpes.” This Discours 
is dated November 28, 1779, although the volume in which it appears 
bears on its title page the date 1803. 

In a footnote to the quotation given above, however, Geikie states that 
in 1778 there appeared at The Hague the first imperfect edition of De 
Luc’s “Lettres Physiques et Morales sur les Montagnes,” in the introduc- 
tion to which the author treats of the knowledge of the earth under the 
designation of “cosmology.” The proper word, he admits, should have 
been “geology,” but De Luc states that he “could not venture to adopt 
it because it was not a word in use.” In the completed edition of his 
work, however, published in the following year, he employs the word 
“geology” in his text. This remark of De Luc, however, serves to show that 
the word “geologie” was not used in French prior to his time. 

H. B. Woodward, in his “History of Geology,” states that De Luc was 
the first to use the term “geology” and that he employed it in the year 
1778. 

In a little volume entitled “London and the Advancement of Science,” 
issued by the British Association for the Advancement of Science on the 
occasion of its Centenary Meeting held in London in 1931, it is stated 
that “The Geological Society was founded in 1807 by eleven members of 
the Askesian Society and the British Mineralogical Society. 

They were not all geologists in the modern sense, but at that time the 
term was more elastic, indeed it had only been introduced some 30 years 
before.” 

As a matter of fact, however, the word “geology” was employed by a 
number of English writers long before this. It was used: 

By Johnson in his “Geology or the Doctrine of the Earth” in 1755. 


1 Manuscript received by the Secretary of the Society November 23, 1931. 
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By Benjamin Martin in his “Philosophical Grammar,” second edition, 
in 1738. 

By Bailey in his “Geology, a Treatise or Description of the Earth” in 
1736. 

By Erasmus Warren in his “Geologia or a Discourse concerning the 
Earth before the Deluge” in 1690. 

The word was used in Italy still earlier by Fabrizio Sessa in his work 
entitled “Geologia—nella quale si spiega che la Terre e non le Stelle 
influisca né suoi corpi terrestre,” which was published in Naples in 1687. 
In this book (page 141) he says “La Geologia che veramente é quella che 
discorre della Terra e suoi influssi.” 

In Murray’s New English Dictionary it is stated that the first ap- 
pearance of the word “geology” (or “geologia”) in works written in 
English is that in Warren’s book published in 1690, and that so far as 
is known the use of the word as a name for a distinct branch of physical 
science occurs first in the English language. 

Erasmus Warren was rector of Worlington in Suffiolk, and his “Geo- 
logia” was a refutation of Burnet’s celebrated work entitled “The Sacred 
Theory of the Earth,” the later editions of which have appended to them 
a vigorous reply by Burnet to Warren’s criticisms. The word “Geologia” 
appears only upon the title page of Warren’s book and is not found in 
the text. 

This, however, is not the earliest appearance of the word in English 
works. It was used, nearly 30 years before the publication of Warren’s 
book, by Robert Lovell in his “avopyxroaorm sive Pammineralogicon 
or An Universal History of Minerals containing the summe of all Au- 
thors, both Ancient and Moderne, Galenical and Chymical, touching 
Earths, Mettals, Semimetalls with their natural and artificial excrements, 
Salts, Sulphurs and Stones more pretious and lesse pretious, &c. Shew- 
ing their Place, Matter, Names, Kinds, Temperature, Vertues, Choice, 
Use, Dose, Danger and Antidotes.”. This was published at Oxford in 
1661. 

Many books on science at this time were still written in Latin, and 
Lovell’s book is divided into six parts bearing latinized titles as follows: 
“Geologia, of Earths; Metallogia, of Metalls; Hemi Metallogia, of Semi 
Metalls; Halologia, of Salts; Theiologia, of Sulphurs; Lithologia, of 
Stones.” 

Robert Lovell, it may be mentioned, was born at Lapworth, Warwick- 
shire, England, in 1630, being a younger son of the rector of the parish. 
He was a student at Christ Church, Oxford, where he lived for a num- 
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ber of years, retiring later to Coventry, where he “professed physic and 
had some practice therein.” 

While the word “geology,” in its present or approximately its present 
sense, so far as the writer can ascertain, first appears in Lovell’s book 
in 1661, it is interesting to note that it was used very much earlier but in 
an entirely different sense by Richard de Bury, Bishop of Durham, in his 
very interesting and entertaining work “Philobiblon,” or the “Love of 
Books.” In this book, which was first printed in 1473 at Cologne, and 
which has been translated into English by E. C. Thomas and published by 
the De La Mare Press of London in 1903, the word “geologia” it is 
believed made its first appearance in literature. It was apparently 
invented, if this term may be used, by de Bury. He used it, as stated 
above, in an entirely different sense from that in which it subsequently 
came to be employed. By it he designated the study of law, which 
faculty, he says, “We may call by a special term ‘Geologia’ or the earthly 
science” as contrasted with the arts and sciences, as these terms were 
then employed, which are concerned with spiritual things. 


ALGONKIAN STRATA OF ARIZONA AND WESTERN TEXAS 
BY N. H. DARTON 


(Abstract) 


The Grand Canyon group of north-central Arizona is separated by great 
unconformities from the old crystalline schists below and the Cambrian strata 
above. Closely similar to the strata of this group are the sandstones, red shales, 
limestones, and diabase sills of the Apache group of central Arizona which 
were not much tilted prior to Paleozoic time but are overlain unconformably 
by sandstones carrying Cambrian fossils. The Llanoria quartzite near El 
Paso and the Millican formation near Van Horn, Texas, both closely resemble 
the Aigonkian strata of Arizona and have similar relations to overlying 
Paleozoic strata and to pre-Cambrian crystalline rocks. During the past ten 
years many additional data have been obtained from these formations in 
the Grand Canyon, central Arizona and Texas regions, which are interesting 
in connection with the problem of correlation and classification. 


STRUCTURAL PATTERNS IN MISSISSIPPI VALLEY SEDIMENTS IN THEIR 
BEARING ON THE ORIGIN OF LEAD AND ZINC ORES 


BY C. K. LEITH 


(Abstract) 


Attempts to integrate mineralized joints, faults, breccias, and shear zones 
in the lead and zinc districts of the Mississippi Valley into patterns or systems 
have yielded highly varied results, reflecting subjective and a priori considera- 
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tions. The concept of the pattern has been notably influenced by assumptions 
as to the origin of the ores, the nature of the forces and direction of their 
application. In the maze of structural details apparent support may be found 
for widely divergent structural hypotheses. 

Attention is directed to the ways in which the supposed patterns are assumed 
to have affected the circulation of ore-depositing solutions. The conclusion 
is reached that some of the hypotheses of ore genesis are based on insecure 
structural postulates, and that even if such postulates were proved they do 
not constitute valid proof of the origin of the ores. 


ROCK FANS OF ARID REGIONS 
BY DOUGLAS JOHNSON 
(Abstract) 


In developing a theory of lateral planation competent to explain the phe- 
nomena of rock pediments, the author became convinced that a critical test of 
the theory must be the existence or non-existence, at the contact zone of pedi- 
ment and mountain scarp, of forms resembling alluvial fans but carved on 
solid rock. Examination of a number of pediments in Texas, New Mexico, 
Arizona and Nevada revealed the existence of such “rock fans” in a number of 
localities. The forms are described, and their bearing on theories of pediment 
origin is discussed. The evidence favors the theory that lateral planation by 
heavily laden streams plays the dominant réle in developing rock planes in 
arid regions. 


Brief remarks were made by Bailey Willis and Richard M. Field. 


GRAVIMETRIC RESULTS IN THE DUTCH EAST INDIES IN CONNECTION WITH 
MOUNTAIN FOLDING PROCESSES 


BY F. VENING MEINESZ? 
(Abstract) 


The maritime gravity research in the Netherlands East Indies, made pos- 
sible by the Dutch Navy and executed by the Netherlands Geodetic Commis- 
sion in 1929 and 1930, showed remarkable deviations of isostasy. Along a line 
extending through the whole archipelago, a narrow strip of strong negative 
anomalies was found which was bordered on both sides by fields of positive 
anomalies. The differences ranged between 150 and 430 milligals. This strip 
runs through the Indian Ocean, outside of the islands of Sumatra and Java, 
continues over Timor, the Tenimber Islands, Aru Islands, west of Halmaheira, 
over the Talaud Islands, towards the Philippine Deep. The strip generally 
coincides with the area where we have most earthquake centers and so every- 
thing points to the supposition that it reveals the mafn line of tectonic activity 
in this region. It seems most likely to the writer that the strip is caused 


1 Introduced by Richard M. Field. 
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by a concentration of light surface material in the earth’s crust and, as this 
concentration is evidently not found in the surface layers of the crust—it 
shows a remarkable independence of topographic features—we must accept a 
downward concentration of light masses. This leads to the hypothesis that 
the main crust is buckling downwards along this line while the surface layer 
is more or less independently folding and thrusting upwards. 

The strip shows a remarkable correlation with the distribution of volcanoes. 
Everywhere, where there is a curve, we find a parallel row of volcanoes at 
some distance to the inside of the curve. A possible explanation of this correla- 
tion might be found in tension developed in the crust in a direction parallel 
to the buckling line caused by the movement of the crust from the inside of the 
curved line. 

This hypothesis agrees well with the views of most geologists that the archi- 
pelago represents the first stage of mountain formation. We may interpret 
the downward folding as the formation of the root of the future mountain 
system. When the compressional movement continued, the surface folds and 
overthrusts will gradually be concentrated above this root and so, in the long 
run, it will develop towards a folded mountain system, supported by a root 
of light crustal material. Isostasy will then have been reestablished in the 
same way as the actually existing mountain systems are in equilibrium. 


INSULAR ARCS, FOREDEEPS AND GEOSYNCLINAL SEAS OF THE ASIATIC COAST 
BY ANDREW C. LAWSON 


(Abstract) 

The constitution of the earth’s crust is discussed and the thickness of its 
constituent layers is arrived at from considerations of isostasy and assumed 
densities. The sial is regarded as peculiar to the continents and therefore not 
part of the original crust, but a derivative of the sima. The thickness of the 
sial is conditioned by the continental relief. The insular arcs, foredeeps and 
geosynclinal seas of the Asiatic coast are genetically connected with the land- 
ward flow of the deep oceanic sima. This flow is due to the upset of isostatic 
balance caused by denudation of the coastal region the gravitative urge to 
maintain equilibrium. The rigid upper sima, riding on the deep flow, is thrust 
under the coast beneath low angle faults which, being cuts in a spheroid, have 
a circular trace. The consequent uplift gives the insular ares. Off shore the 
rigid sima riding on the deep flow is torn away from the main floor of the 
ocean, permitting heavier rock to invade the rupture and so give rise to the 
foredeeps. The seas behind the ares are due to the subsidence of low coastal 
plains caused by the substitution of heavier rock for lighter within the arcs 
under the urge to compensate the erosional removal of load from the highlands 
behind the coastal plains. 


Read by title in the absence of the author. Printed in this volume. 


At this point, 1 p.m., the session adjourned for luncheon. 
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SESSIONS OF TUESDAY AFTERNOON 


The afternoon program was divided into two sections. Section I, on 
physiographic and structural subjects, was presided over by Vice-Presi- 
dent Henry B. Kummel. Section II, stratigraphic papers, was presided 
over by Vice-President Thomas L. Walker. 


SECTION I 


The session of Section I, physiographic and structural papers, was 
opened at 2 o’clock in the Crystal Ballroom of the Mayo Hotel, with 
Vice-President Henry B. Kummel in the Chair, and Kirk Bryan acting 
as secretary. 


TITLES AND ABSTRACTS OF PAPERS 
SEDIMENT DISTRIBUTION ON THE CONTINENTAL SHELVES 
BY FRANCIS P. SHEPARD 
(Abstract) 


Most marine charts contain symbols indicating the character of the sea 
floor. These notations are to be found in varying degrees of detail for most 
of the continental shelves of the world. The writer thought it might be 
worth while to attempt to use these symbols as a basis for sediment maps of 
the shelves. Taking fifteen types and combinations of sediments, the various 
parts of the shelves were divided according to which of these types appeared 
to predominate. Working on the larger scale charts for the divisions, the 
material was later transferred to general charts of the world. The mapping 
was checked where special information was available so as to make it as 
accurate as possible. Also the original charts of the United States Coast 
Survey were used to get more detailed information than the published charts 
contain. 

In order to get some check on the basis of this mapping many of the samples 
collected by the Coast Survey, stored now in the National Museum, were 
examined. Some of these are being analysed at present. 

The most striking feature revealed by the plotting was that the coarser 
types of sediment on the outer part of the continental shelves are as common 
as on the inside. Apparently there are more places where the sediments grade 
from fine to coarse going out than from coarse to fine. In many places coarse 
and fine zones are very much intermixed. 

It is suggested that part of the cause for this anomalous situation is the 
recent rise in sea level due to the melting of the glaciers and leaving large 
zones of sediment out of harmony with present conditions. Also in some 
places planetary ocean currents and even tides may have prevented the deposi- 
tion of the finer sediments on the outer portions of the shelves. Samples col- 
lected during the past summer appear to give evidence of the effects of current 
action on the outer shelf. 
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CORSAIR GORGE, A REOPENED SUBMARINE VALLEY 


BY FRANCIS P. SHEPARD 
(Abstract) 


In the summer of 1930 the United States Coast Survey located a submarine 
valley in the margin of the continental shelf off the New England coast. 
Some reasons for believing that this valley did not penetrate the shelf prior 
to the Grand Banks earthquake of 1929 will be discussed. 

During the past summer the writer accompanied a Coast Survey party 
during a further examination of the valley. Evidence was found which sug- 
gested that the topography outside of the valley was of the hummocky type 
characteristic of landslides. 

It is suggested that the valley was originally cut by river action, later sub- 
merged and filled with fine sediment such as colloidal clays, and finally 
reopened by a landslide or several landslides of which the Grand Banks 
earthquake may have been in part the cause. The same type of explanation 
may apply to many of the other submarine valleys of the world. 


PARALLEL DRAINAGE AND “LOG CONCRETIONS” 
BY CARROLL H. WEGEMANN 
(Abstract) 


Alignment of the minor drainage in a direction N 35° W is a characteristic 
feature of the badlands of northeastern Wyoming. Major streams do not show 
the alignment. The surface rocks, shales with some sandstone beds, are Wasatch 
in age and are flat lying. 

The direction of N 35° W is parallel to the general trend of the Bighorn 
Mountains and the Black Hills, and it is evident that the streams are influenced 
by jointing. There is a second stream trend, less pronounced than the first, 
and at right angles to it. 

Log-like concretions, many of them twenty or thirty feet in length and 
several feet in diameter, weather out of the sandstone beds. These concretions 
have a definite alignment parallel to the streams. They are believed to have 
been produced by chemical precipitation from water solutions and consequent 
cementation of the sand about the intersections of joint and bedding plains. 

Parallel drainage of the same trend is to be observed near Glendive, Montana, 
and Pierre, South Dakota, indicating that the stresses which weakened the 
strata in certain directions in Wyoming were not confined to the basin between 
the Bighorns and Black Hills, but were regional in extent. This peculiar 
drainage, easily recognized on topographic sheets, may be used as indicating 
the area affected by certain stresses. 


Brief remarks were made by W. H. Hobbs. 
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GAPS IN APPALACHIAN RIDGES 
BY ELLIS W. SHULER 
(Abstract) 


A study of the gaps across the ridges of the Walker Mountain overthrust 
block in southwestern Virginia shows that in addition to water gaps and 
“wind gaps,” limiting the latter to abandoned water gaps, there are at least 
four additional types of gaps resulting from (1) selective erosion along joints; 
(2) fortuitous stream spacing; (3) cross folding; and (4) faulting with offset. 

A further study of Appalachian ridge topography indicates that text books 
in Geology and Physiography overemphasize the frequency and importance 
of abandoned water gaps by failing to list other types. 


Read by title in the absence of the author. 


ANIMAL-POLISHED BOULDER 


BY WALTER H. SCHOEWE 
(Abstract) 


On the Kickapoo Indian Reservation in Brown County, Kansas, is a large 
wedge-shaped glacial erratic of Huronian quartzite. This boulder is unusual 
in that one of its sides is so highly polished that it is possible to see one’s 
own image reflected from its surface. Among the various agents and methods 
which might be called upon to have caused this “mirror” polish, the following 
two are the most plausible, (1) natural sand-blast caused by the loess-laden 
winds coming from the Kansas ice-sheet at the time of its retreat, and (2) 
animals, buffalo or cattle, repeatedly rubbing against the side of the rock. 
Because of the character and distribution of the polish, the absence of wind- 
polishing material around the boulder, the topographic location of the boulder, 
the suitability of the boulder for rubbing purposes by animals, and from a 
comparative study of wind-polished boulders in the region of the attenuated 
drift border farther to the south, the conclusion is reached that the “mirror” 
polish on the Brown County erratic is due to the repeated rubbing against its 
side by animals, buffalo or cattle, preferably by the former. 


Brief remarks were made by R. T. Chamberlin and James H. Lees. 


PEDIMENTS DEVELOPED IN BASINS WITH THROUGH DRAINAGE AS 
ILLUSTRATED BY THE SOCORRO AREA, NEW MEXICO 


BY KIRK BRYAN 

(Abstract) 
Most studies of pediments assume that the basin between ranges is enclosed 
and that the base level rises throughout the process of formation. In the 


Socorro area the Rio Grande forms the local base level and the fluctuations in 
level of this river determined the elevations and the completeness of develop- 


ment of pediments. 
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By means of a grant from the Shaler Memorial Fund the geomorphology of 
this area was investigated. The Socorro Mountains are a complex fault block 
uplifted along the axis of a Late Tertiary enclosed basin. East of the moun- 
tains the deposits of this basin (referred to the Santa Fe formation) have a 
regional dip to the west. Through drainage by the Rio Grande was early 
developed at a level about 250 feet above its present grade. To this local base 
level the minor and ephemeral tributaries reduced large areas to an extensive 
erosion surface or pediment, cut partly on consolidated but largely on the 
unconsolidated Late Tertiary Santa Fe formation. This is the Tio Bartolo 
Pediment. 

With a lowering of the main stream about 150 feet erosion of the Tio Bartolo 
surface began and a new and less extensive surface developed, the Valle de 
Parida surface. Renewed lowering of the Rio Grande almost to its present 
grade brought about the dissection of the Valle de Parida surface. However, 
the grade of the river again rose and the gravel terrace was laid down along 
the river with concurrent deposition on the tributaries. This cut-and-fill ter- 
race appears to be correlatable with the similar terrace 80 miles north at 
Albuquerque (Rio Grande gravels). 

A renewed lowering of the river grade to a level slightly lower than the 
present then occurred. The Rio Grande, whatever the history of its minor 
fluctuations, has recently been filling its channels, raising its grade and build- 
ing up its flood plain. The tributaries have largely been engaged in producing 
the complicated pattern of dissection, approaching badland topography, which 
characterizes the area. 

Throughout this complicated history the local area appears to have been 
stable but that earth movement occurred elsewhere in the drainage of the Rio 
Grande seems likely. The straightforward sequence of events here related 
cannot be applied directly to other areas, but extensive reconnaissance indi- 
cates a widespread development of two or more pediments graded to ancient 
levels of the Rio Grande. 


Brief remarks were made by Eliot Blackwelder and Douglas Johnson, 
with reply by the author. 


SOME PEDIMENTS IN ARIZONA 
BY FREDERICK K. MORRIS 
(Abstract) 


Pediments were examined in a number of ranges between Yuma and Tomb- 
stone, and between Phoenix and the Mexican border. In addition to the rock 
types and the physiographic features, the writer studied the jointing and the 
disintegration of the rock, and also the petrography. Deep-seated plutonic 
rocks crystallized at relatively high temperatures and under great pressure. 
The resulting rock is in chemical and physical equilibrium at the temperatures 
and pressures that prevail when the magma crystallizes. As the temperature 
falls, inversions take place, and often unmixing accompanies inversion. Altera- 
tion and even replacement are not uncommon. Atoms in crystals change their 


IX—Bu Lu. GeEou. Soc. AM., Von. 43, 1932 
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space lattice relations. When erosion strips off the cover and exposes the rock 
to surface conditions, the rock is in a state of negative strain—it develops 
tensional stresses tending to release adjacent crystals from mutual contact, 
and to release the outer shells of rock from the deeper lying parts. Disinte- 
gration, exfoliation, spalling and sheeting are more closely related to internal 
stresses than to weathering—at least in deep seated crystalline rocks. But 
weathering agencies help to act as a “trigger” and as a “lever” to aid the 
stress-releasing action, and this is especially true in deserts. The streams 
‘which shape the pediment have only a very feeble erosive action—their chief 
work is simply that of sweeping off the self-loosened debris. Because of the 
internal stresses, granites are especially prone to yield pediments. Because 
of their weakness and fine fissility, shales are especially prone to yield pedi- 
ments. But pediments are more hilly and less smooth on rocks which lack 
strain-effects or closely spaced jointing, such as limestones, sandstones, and 
-many of the finer-grained igneous rocks. 


Read by title in the absence of the author. 


PEDIMENTS IN THE GOBI 
BY CHARLES P. BERKEY AND FREDERICK K. MORRIS 
(Abstract) 


The authors examined well-developed pediments on the slopes of Los Ola, 
Gacher Ola and Argaluntai Ola, three ranges of the eastern Altai system. The 
pediment surfaces of Los and Gacher Ola bevel granite. That of Argaluntai 
cuts slate and graywacke and is the least smooth of the three. Pediments were 
observed cutting across disturbed Lower Cretaceous strata along the Gurbun 
Saikhan range, across graywacke and argillite at Artsa Bogdo, and across 
granite at Boga Bogdo. The pediments are not symmetrically developed around 
a given range, but are somewhat more perfect upon shales and granites—rocks 
which we commonly think of as at opposite poles of the rock-world—than upon 
slates, limestones and graywackes. A tentative explanation of these observa- 


tions is proposed. 


Read by title in the absence of the author. 


FLOOD PHENOMENA ALONG THE WESTERN BASE OF THE WASATCH 
MOUNTAINS 


BY REED W. BAILEY AND FRANK H. GUNNELL* 
(Abstract) 


Many large floods have occurred along the western slope of the Wasatch 
Range in Utah, and the deposits made by them at the base of the range are 
useful in interpreting the region’s flood history. The flood deposits of Lake 
Bonneville times are rudely terraced and grade laterally into well defined 


terraces. A knowledge of post Bonneville floods is obtained from a study of 


* Introduced by E. B. Branson. 


T 
fine 
pos 
une 
usu: 

T 
earl 
suce 
duce 
and 
alon; 
early 


v 
T 
n 
al 
3 w 
Ww 
fr 
at 
pa 
Le 
— 
— 
‘ 
3 
1 
j 
4 
: 


‘ock 
lops 
act, 
nte- 
nal 
But 
the 
hief 
the 
aAuse 
vedi- 
lack 
and 


Ola, 
The 
ntai 
were 
rbun 
“TOSS 
ound 
‘ocks 
upon 


satch 
> are 
Lake 
fined 
ly of 


TITLES AND ABSTRACTS OF PAPERS 131 


the dissected lake terraces, mud flows, and primary flood deposits. In some 
parts of the region the floods of the last decade have brought about the deposi- 
tion of larger boulders and a greater volume of debris than all preceding post 
Bonneville floods. 


DISTRIBUTION AND SOURCE OF CHINESE LOESS 
BY GEORGE B. CRESSEY 
(Abstract) 


The principal loess deposits of northwestern China lie between the Tsingling 
Mountains on the south and the Great Wall on the north, chiefly in the prov- 
inces of Shensi and Kansu. The greatest development is south and southeast 
of the Ordos Desert, where the average thickness is 250 feet. In those areas 
where the loess adjoins the Gobi Desert the thickness rarely exceeds 50 feet. 
The loess covers 119,090 square miles and has a volume of some 2,852 cubic 
miles. 

The marked concentration next to the Ordos suggests that this desert, rather 
than the more distant Gobi, was the principal region from which loess-forming 
dust was derived. In contrast to the rock-floored Gobi, the Ordos is veneered 
with fluvio-lacustrine sediments which appear to have been formed during a 
ponding of the Hwang Ho. The development of the loess from such deposits 
would correspond to the situation in Sinkiang where the loess is chiefly derived 
from old river and lake beds in the Tarim basin. 

A small area of loess along the south bank of the Yangtze near Nanking 
attributed to river silt blown up from the flood plain. A similar origin 
partly responsible for the loess around the margin of the North China Plain. 


is 
is 


Brief remarks were made by H. B. Kummel, W. H. Hobbs, and M. M. 
Leighton, with reply by the author. 


HISTORY OF THE COLUMBIA RIVER GORGE 
BY EDWIN T. HODGE 
(Abstract) 


The gorge of Columbia River through the Cascade Mountains affords the 
finest cross-section of the latter found in Oregon. The oldest formation ex- 
posed is the Eagle Creek or Warrendale of Oligocene age. Lying structurally 
unconformably upon this formation is the Miocene Columbia River basalt, 
usually divisible into two parts by an erosional unconformity. 

The eroded surface of the Miocene basalt was buried beneath late Pliocene or 
early Pleistocene pyroclastics.. Pleistocene flows from nearby volcanoes, in 
successive epochs, erupted along a general north-south line. These lavas pro- 
duced the Cascade Mountains and dammed the old course of Columbia River 
and caused it to be diverted consequently in a trough formed by these lavas 
along its present route. The diverted Columbia eroded the pyroclastics and the 
early andesite and mingled its erosional products with quartzites brought from 
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its upper course, and deposited the Troutdale formation in the form of a broad 
piedmont fan on the west side of the Cascade Mountains. 

Columbia River, following its consequent course, was entrenched in its pres- 
ent canyon and superposed upon the Miocene basalts and the Oligocene War- 
rendale. The buried pre-canyon north-south valleys were exhumed, producing 
abrupt widenings. The time of diversion appears to have been after the 
period of glacial erratic distribution. The canyon was superposed also upon an 
elongated boss, one of the feeders of the early Pleistocene lavas, which cut 
the Columbia River basalt, thus definitely proving that the valley is not 
antecedent. 

The lastest lava flows of the Cascade Mountains involve three periods of 
eruption, with erosion periods between. 

Late Pleistocene lavas built the first Mount Hood and the lavas of its later 
crater are intercalated with glacial moraine. Recent vulecanism has again 
begun to dam old valleys and rearrange drainage. 

The new evidence makes the size and depth of the canyon more remarkable 


since it has cut over 2,000 feet in andesite and dense basalt since early Pleisto- | 


cene times. 


Read by title in the absence of the author. 


LIFE CYCLE OF A MOUNTAIN SYSTEM 
BY JOHN L. RICH 
(Abstract) 


Assuming that lateral compressive stress is the active agent and that iso- 
static adjustments do not begin until stress exceeds a considerable limit, an 
attempt is made to connect into a logical sequence the events which seem to 
constitute the cycle of mountain development. These include in order: Forma- 
tion of a geosyncline and a parallel up-warped arch; progressive growth and 
final failure of this structure; thrusting and folding; vuleanism and acid 
batholithitic intrusions; planation; block faulting and fissure eruptions behind 
the thrust zone; peneplanation; regional sinking on the thrust side; and 
regional rise of the geosynclinal side and of the belt of folding and thrusting. 

It is suggested that these events are logical consequences of the development 
of a curved shear plane extending through the crust with a relatively low angle 
in the upper, brittle crust and a steeper angle below. Along this shear, light, 
cool rocks are downthrust from the geosynclinal side and heavy, hot rocks 
are up-and-over-thrust from the thrust side. The geosynclinal sediments are 
caught between, folded, and crumpled. Isostatic sinking follows the piling 
together of an excess mass of light material. Movement along the shear 
relieves the lateral compressive stresses, permitting liquefaction of abnor- 
mally high, hot rock on the thrust side, the formation of a magma reservoir, 
and consequent block faulting and ejection of lava. Later cooling on the 
thrust side and freezing of the magma causes regional sinking of that side, 
while erosion, by removing the elevation balancing the underlying light mate- 
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rial, leads to isostatic regional rise of the former geosynclinal area and of 
the belt of thrusting. 


Brief remarks were make by A. C. Lane and W. H. Hobbs, with reply 
by the author. 


SUBDIVISION AND CORRELATION OF THE ELLENBURGER LIMESTONE OF 
TEXAS 


BY C. L, DAKE AND JOSIAH BRIDGE 


(Abstract) 


The lithologie similarity of the early Paleozoic section of the central mineral 
region of Texas with that of the Ozark region of Missouri has been commented 
on by practically every geologist who has ever worked in the two regions, but 
very little paleontologic evidence has ever been presented to support this 
conclusion. 

Recent work has shown that the Ellenburger limestone, from which very few 
fossils have hitherto been reported, contains a number of faunal zones many 
of which duplicate those of the Ozark region in a most striking manner. Some 
of the horizons of the Missouri section have not been found in Texas thus far, 
while on the other hand the Ellenburger contains a few zones not known in 
Missouri. In addition there are certain constant lithologie differences accom- 
panying these faunal zones which will permit the Ellenburger to be separated 
into definite units. The base of the formation is not represented by the same 
horizon at all points. The oldest horizons are found in the northeastern por- 
tion of the central mineral region, and these are overlapped to the south, south- 
west, and west by younger and younger zones. 


PHYSIOGRAPHIC HISTORY OF THE YELLOWSTONE PARK 
BY RICHARD M. FIELD AND EDWARD LAMMERS 
(Abstract) 


Recent investigations in the neighborhood of Junction Butte, and the length 
of the Lamar Valley, confirm the suggestion made by Jones and Field, in 1929, 
that the youngest basalt flows in the Yellowstone Park are not interbedded 
with the rhyolites but are post-rhyolite (Post-Miocene), and flowed upon a 
well dissected topography, damming and deranging the drainage. Due tv the 
recent partial re-excavation of valleys (each originally dating from either the 
Oligocene, Pliocene or the subdivisions of the Pleistocene) portions of the Park 
present an interesting example of composite topographies, and permit a tenta- 
tive correlation with the physiographic events in neighboring regions. 


SPOKANE FLOOD SOUTH OF PORTLAND, OREGON 
BY IRA S. ALLISON 
(Abstract) 


The Spokane Flood traced by Bretz to the vicinity of Portland, Oregon, de- 
scended in such large volume as to pour southward from Portland, through the 
gap at Oswego Lake (Oregon City topographic map), up Tualatin River valley, 
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up through the gorge of Willamette River at Oregon City and up Clackamas 
River valley. The record is both erosional and depositional. Scablands along 
Willamette gorge and along Oswego Lake (itself a scabland channel), and a 
broad belt of channels of The Dalles type, east of Sherwood (Tualatin quad- 
rangle), mark the principal spillways. Gravel deposits west of Oswego Lake 
and south of Willamette gorge with forest bedding dipping westward and 
southwestward respectively indicate the directions of flow, (The depressions 
shown at Cook station and at Canby, Oregon City sheet, are railway gravel pits 
in these deposits.) The deposit near Canby occupies several square miles and 
(excepting slight dissection) appears to be continuous with the silt and clay 
deposits of the extensive bottom lands farther south and southwest (e. g., 
Mt. Angel quadrangle). Gravel with forests slanting upstream just east of 
the narrows at Bakers Bridge (Boring quadrangle) and the silt deposits beyond 
similarly indicate reversal of flow and eventual ponding of waters in Clackamas 
River valley also. 

The extent and character of the fill in Tualatin and Willamette valleys, the 
correlative deposits of streams tributary to Willamette River, the shore features 
developed by the waters temporarily ponded, and the distribution of glacial 
erratics are receiving further study. 


Read by title. 


FROST ACTION IN THE WHITE MOUNTAINS 


BY ERNST ANTEVS 
(Abstract) 


During a study, in 1928, of the physiography and superficial geology of the 
alpine region (above 4800-5200 feet) of the Presidential Range of the White 
Mountains, New Hampshire, special attention was given to the action of frost. 
Permanent ground frost seems to persist at present on shaded spots and places 
with poorly conductive surface layers. The debris on the mountain cones and 
summits may largely have been severed from the ledges by frost since their 
melting out from the last ice sheet. Although this ice sheet buried the highest 
summits, glacial till occurs in quantity first on the lee side, the east side, of the 
Range. 

Frost action took place on by far the largest scale immediately upon the re- 
lease from the ice sheet, but still prevails. It causes physical weathering with 
and without the help of water, and induces movements of the debris. The 
frost is active through various processes depending on absence or presence of 
clay, on the amount of water in the clay, on the horizontality or slope of the 
ground, and so forth. If clay is absent movements of stones may be brought 
about by the formation of ice wedges or by creep of ice. When clay is present 
it serves, together with contained water and ice, as a medium for debris move- 
ments by swelling, shrinking, and flowing. One important movement, viz., up- 
freezing of stones, takes place against gravity, while the other movements are 
aided by this force. 

Where, because of diminished gradient or obstacles, movements of the stones 
in the stripes and streams cease, the boulders, blocks, and slal:s become ac- 
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cumulated into densely packed fields. The planation carried out by the frost 
phenomena referred to is very considerable, it having, with help of the ice 
sheets, produced the lawns, benches, and spurs on the range. 


Read by title. 
ORIGIN OF LIMESTONE CAVERNS 
BY A. C. SWINNERTON 
(Abstract) 


The potential value of caverns as physiographic indices makes the problem 
of cave origin one of great importance. 

Recently William Morris Davis has questioned the vadose-water hypothesis. 
The principal features which Davis considers inadequately explained include 
multiple network passages, roof solution, offshore fresh-water springs, and the 
general cycle of excavation followed by deposition. He has proposed a theory 
which involves deep-seated circulation extending far below the water table 
and actuated by hydraulic head in the elevated portions of the water table; this 
initial excavational stage is followed by a second in which dripstone deposits 
are formed in the uplifted air-filled caverns. 

The vadose-water hypothesis of circulation conceives of lateral migration in 
the upper fluctuating phreatic zone; the movement is actuated by the same 
head as postulated by Davis but it shows a marked lateral component because 
of the greater ease of flow toward the valley outlets as compared with deeper 
circulation. The writer believes that the vadose-water hypothesis may still be 
found adequate and the difficulties raised by Davis may be largely met if the 
control of water migration by the fluctuating water table be taken into account 
and if the development and integration of subsurface drainage systems be 
considered. 

Quantitatively the vadose-water hypothesis is adequate and from the physical 
and chemical points of view it is more satisfactory than the deep circulation 
pictured by Davis. The relative significance of the opposing hypothesis of 
ground-water circulation in producing caverns may be measured by observa- 
tions of the levels and profiles of caverns, the orientation toward drainage lines 
and the development of crystal rather than dripstone deposits. 


Read by title. 
STRONG RELIEF BEFORE BLOCK-FAULTING IN THE VICINITY OF THE 
WASATCH MOUNTAINS, UTAH 
BY A. J. EARDLEY* 
(Abstract) 


The theory is advanced that a submature to mature surface with relief of 
at least 3,000 feet existed in the vicinity of the Wasatch Mountains before 
the Basin and Range faulting began. The throw of the Wasatch fault in the 


* Introduced by Charles W. Cook. 
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Nebo section has been found to range from 5,000 to 6,000 feet. With present 
relief of 7,500 feet it is evident that the entire height of the range can not be 
due to faulting. The Wasatch front in many sections displays typical fault- 
scarp topography from the piedmont to a height of approximately 3,000 feet. 
It then breaks suddenly into a submature surface of much lower gradient. 
Shoulders and large hanging valleys are striking remnants of this topography 
and are thought to indicate the amount of relief before the initiation of fault- 
ing. The drainage is interpreted as antecedent because of the remnants o 
former mature valleys into which the deep, cross canyons are incised. The 
alluvium-flooded back valleys of the Wasatch antedate the faulting and are 
postulated to have been filled with alluvium because of diminution of gradient 
resulting from eastward tilting of the fault-block. This tilting is calculated 
to range from 3 degrees to 4 degrees which is similar to Gilluly’s figure for the 
Oquirrh Mountains. Because the theory of prefaulting relief postulates burial 
by alluvium of the irregular surfaces of the downthrown fault-blocks west of the 
Wasatch, it should prove helpful in prospecting for underground water, espe- 
cially as a source of supply for Salt Lake City. 


Read by title. 
The sectional meeting adjourned at approximately 5 o'clock. 


SECTION II 
The session of Section II, stratigraphic papers, was opened at 2 o’clock 
in Room W, 16th floor, Mayo Hotel, with Vice-President Thomas L. 
Walker in the Chair, and Samuel H. Knight acting as secretary. 


TITLES AND ABSTRACTS OF PAPERS 
SOME NORTH AMERICAN JURASSIC UNCONFORMITIES 
BY C. H. CRICKMAY 
(Abstract) 


Unconformities are described along the Pacific border of North America at 
the base of, in, and at the top of the Jurassic System. These unconformities 
mark very small gaps in the record, and hence correspond to periods of time 
much too short to allow of planation by downward corrasion and subaerial 
wasting. It is concluded that lateral corrasion by streams accomplished the 
rapid planation; lateral erosion appearing, therefore, as a dominant agency 
in denudation. 


UNCONFORMITY AT THE TOP OF THE TRAVERSE FORMATION IN MICHIGAN 
BY VIRGIL R. D. KIRKHAM 
(Abstract) 


Evidence derived from the cuttings and logs of wells drilled for oil and brine 
indicates persuasively that in parts of the Lower Peninsula of Michigan an 
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important erosional unconformity exists at the top of the Traverse formation 
of Devonian age. 

This unconformity is best illustrated in adjacent wells by notable dis- 
crepancies in the interval between the top of the Traverse and the surface of 
the producing horizon, and also by equally important discrepancies in the 
interval between the top of the Antrim formation and the top of the Traverse 
formation in wells in the same local area. 

In a large number of wells studied, where discrepancies have been noted, 
it was observed that where the Antrim formation is thicker than normal the 
Traverse formation is thinner than normal and in other wells the opposite is 
true. A further study of the logs of these wells indicates, however, that the 
interval from the top of the Antrim to the top of the producing horizon is in 
all cases nearly the same. 

Immediately overlying the Traverse is the Antrim which is usually a black 
or brown shale. Up to the present the top of the Traverse or the bottom of 
the “brown shale” has been used extensively as a datum plane for drawing 
structural contours on anticlines in Michigan being prospected for petroleum. 

In the light of the evidence it is concluded that the top of the Traverse * 
formation or the base of the “brown shale” is not as trustworthy a datum 
plane for contouring as are the tops of other formations occurring in the 
geologic column which are unaffected by erosional unconformities. 

Because the surface of the producing horizon is one of low structural relief 
the contours drawn on the Traverse formation reflect it only in a general way 
and locally may be very unreliable. 


Brief remarks were made by Alfred C. Lane. 


UNCONFORMITY AT THE TOP OF THE MARSHALL FORMATION IN MICHIGAN 
BY VIRGIL R. D. KIRKHAM 
(Abstract) 


Evidence derived from the cuttings and logs of oil wells, brine wells, and 
core tests for structural purposes indicates persuasively that an important 
erosional unconformity exists at the top of the Marshall formation of Missis- 
sippian age. 

At most places this is illustrated by the notable surface irregularity and 
great variations in thickness of the Napoleon sandstone member in nearby 
wells, whereas the underlying Lower Marshall maintains a uniform surface. 
In a few places the Napoleon member appears to have been entirely eroded 
before the deposition of the later sediments. 

Up to the present the top of the Marshall has been used extensively in 
Michigan as a datum plane for drawing structural contours. The evidence 
presented indicates that the Lower Marshall or “red rock” horizon is far more 
trustworthy as a datum plane in contouring the anticlines of low relief which 
are being prospected for petroleum in the Michigan basin. The “red rock” 
contours appear to reflect more faithfully the contours of the producing horizon 
because the interval between the two surfaces is less variable than the interval 
between the top of the Marshall and the producing horizon. 
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In the Michigan formation, which immediately overlies the Marshall, occur 
in many places “stray” lenticular sands which are often mistaken for the 
Marshall sandstone. These sandstone lenses appear to have been derived from 
eroded Marshall sandstone and have almost identical content and physical 
characteristics, 


OKLAHOMA STRUCTURAL SALIENT OF THE OUACHITA MOUNTAINS 
BY HUGH D. MISER 
(Abstract) 


The Oklahoma structural salient of the Ouachita Mountains comprises their 
western portion, lying mostly in Oklahoma. Its northern frontal margin, a 
great are 180 miles long, trends northeasterly and easterly along the northern 
edge of the mountains in Oklahoma and southeasterly across western Arkan- 
sas. Toward the south the Ouachita facies of rocks pass underneath the 
Cretaceous rocks of the Gulf Coastal Plain and occupy a wide belt extending 
in a southwesterly direction into Texas. Likewise, the Oklahoma salient 
appears to pass into Texas. 

The structural features that are revealed in the salient are characterized 
by long parallel thrust faults, which bound northwestwardly-thrust nappes. 
Southwestward the faults pass underneath the Cretaceous rocks of the 
Coastal Plain, but eastward they die out near the eastern margin of the salient 
and terminate near the Arkansas-Oklahoma line. 

Deposits of erratic boulders, mostly of pre-Carboniferous rocks, are found 
along and near the northern margin of the salient. The only known deposits 
outside the salient are near Boles, Scott County, Arkansas. None of the 
deposits is found along the thrust faults that bound the nappes. Instead, 
they are all confined to the Caney shale, and are found in both the Missis- 
sippian and Pennsylvanian portions of the shale. It now seems that the only 
possible evidence for a tectonic origin of the boulders is the magnitude of the 
largest blocks, the longest of which measures 370 feet. Except for this, all 
the present available evidence indicates that the boulders were transported 


by floating ice. 


PRESENT DISTRIBUTION AND THICKNESS OF PALEOZOIC SYSTEMS 
BY WALTER A. VER WIEBE 
(Abstract) 


Seven maps have been prepared to show the present distribution of the 
Paleozoic systems, and their thickness at several hundred selected points in 
the United States and Canada. A table of correlated formation names accom- 
panies each map so that the reader may see what formations are included. 
Isopach lines indicate areas of greatest subsidence and suggest (1) location 
of ancient land masses; (2) sources of sediments; (8) tectonic history of 
positive and negative areas; and (4) the probable thickness of a system where 
definite information is now lacking. 
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The maps indicate further, that:—(1) The tectonic elemer s which con- 
trolled Paleozoic geography did not change greatly during that era. Rising 
land areas and subsiding foredeeps suggest the operation of the force couple 
principle. (2) The fundamental causes for changing paleogeography are the 
great orogenic disturbances, especially the Taconic and the Hercynian. The 
Taconic revolution reached its first climax after Canadian time, but continued 
with less notable effects until the end of the Ordovician period. The Hercynian 
revolution began in Chester time, reached a climax in Pottsville time, and con- 
tinued with subdued spasms until the end of Permian time. (3) The eustatic 
movements of the strandline, which accompanied these revolutions, produced 
the greatest changes in paleogeography. (4) Black, graptolitic shales fore- 
shadow revolutions in the adjacent land masses. They represent the first 
detritus washed down by rejuvenated streams. (5) Great accumulations of 
coarse clastic materials which follow the shales are evidence of the culminat- 
ing uplift in the hinterland. 


Brief remarks were made by R. C. Moore. 


REGIONAL PERSISTENCE OF PENNSYLVANIAN CYCLES* 
BY HAROLD R. WANLESS AND J. MARVIN WELLER 


(Abstract) 


The Pennsylvanian section of western Illinois has been worked out in consid- 
erable detail and the strata divided into a series of cyclical formations each 
of which consists of an unconformable sandstone at the base, an underclay and 
coal in the middle, and marine limestone and shale above. On theoretical 
grounds it was considered probable that each of these cyclical formations is 
persistent over a very large area, and therefore the cyclical formations in widely 
separated localities should be capable of recognition and precise correlation. 

Recent careful field studies in various parts of Eastern Interior basin have 
justified these expectations and sections made in (1) southwestern Illinois, (2) 
north central Illinois, and (8) eastern Illinois and western Indiana are pre- 
sented, compared and correlated with the typical western Illinois section. 

Reconnaissance field studies in (1) southeastern Iowa, (2) north central 
Missouri, and (3) eastern Kansas * have shown that the Lower Pennsylvanian 
strata of the northern Midcontinent basin may also be subdivided into compara- 
ble cyclical formations. Sections for these areas are presented and the basis for 
their correlation with the typical western Illinois section is discussed. 


Presented by Dr. Wanless. 


*Published by permission of the Chief, Illinois State Geological Survey. 
*A portion of the field studies-in Iowa, Missouri and Kansas was made possible by a 
Grant-in-Aid of the National Research Council to J. Marvin Weller. 
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EVIDENCE OF LONG TIME INTERVAL REPRESENTED BY AN UNCONFORMITY 
IN THE PENNSYLVANIAN ROCKS OF KANSAS 


BY JOHN L. RICH 
(Abstract) 


Angular fragments of coal, many of them more than a foot long and several 
inches thick, are found in the lower few feet of a channel sandstone at the base 
of the Lawrence shale (Pennsylvanian, Douglas group) near Ottawa, Kansas. 
Many of the fragments have square ends, apparently due to jointing before 
burial. This condition is believed to indicate that the coal had advanced at 
least to the stage of lignite before being buried in the sandstone. Compaction 
since burial is clearly indicated and amounts to nearly 30 per cent. No pos- 
sible source for the coal fragments is known except the underlying Weston 
shale (also Pennsylvanian), which recent work by R. C. Moore and the writer 
indicates is separated by an unconformity from the Lawrence shale above. 
If coal of Weston age had become lignite before its burial in the Lawrence 
shale, the unconformity between these two formations must represent a long 
time interval, 


Brief remarks were made by G. E. Condra, W. B. Heroy, and R. C. 
Moore. 


MID-PENNSYLVANIAN STRUCTURAL DISTURBANCES NEAR BALDWIN, KANSAS, 
AND THEIR SIGNIFICANCE 


Bp RICH 


(Abstract) 


In the course of detailed mapping near Baldwin, Kansas, evidence was found 
of interesting crustal movements during and following the deposition of the 
Oread limestones (Douglas group, Pennsylvanian system) which may have 
been related in origin to other structural abnormalities of the region, such as 
the Rose Dome and the Herington “sinks.” 

South of a curved line, marked by sharp flexing and faulting, which for 
several miles of its course closely follows the northern are of a circle of about 
4 miles radius, the lower of the three Oread limestones is missing; the middle 
limestone is thicker than the average and the shale interval between the middle 
and the upper limestone is abnormally thick—16 feet instead of 6. The upper 
limestone at several places along the are was found faulted down to the south 
about 20 feet, so that south of the fault it lies at the same level as the lower 
limestone north of the break. : 

These relations indicate: (a) Uplift of the area south of the curved line so 
that the lower Oread limestone either was not deposited or was eroded after 
deposition; (b) a reversal of movement, causing relative sinking of the area 
south of the line while the middle Oread limestone and the overlying shale 
were deposited; deposition of the upper Oread limestone over both sides; 
and, finally, post-Oread faulting with downthrow to the south. 
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The cause of such movements, their reversal in direction, and the plan of 
the area affected constitutes an interesting problem. 


Brief remarks were made by G. E. Condra. 


THRUSTING OF YOUNGER ROCKS ONTO OLDER ONES 
BY MARLAND BILLINGS 
(Abstract) 


In the most commonly described thrust faults older rocks rest upon younger. 
Under certain conditions, however, younger rocks may be thrust onto older. 
Although many geologists recognize this fact, some are hostile to the idea, 
and very few examples are described in the literature. 

The thrusting of younger rocks onto older is discussed under four major 
headings. 

(1) Shear-thrusts which develop across a previously folded structure. (a) 
Bannock type. A region of well-developed anticlines and synclines may be cut 
by an essentially flat major fracture underlying hundreds or thousands of square 
miles. Synclines may be pushed onto anticlines and thus in certain localities 
younger rocks rest on older. (b) Wood River type. The fault may be localized 
and relatively steep. A syncline with steep limbs is cut by a thrust fault of 
gentler dip. The younger rocks in the center of the syneline may then be 
pushed up onto the older rocks on one of the limbs. 

(2) Bedding thrusts—shear-thrusts that develop essentially parallel to the 
bedding. (a) Johnnie type. Faults essentially parallel to the bedding and 
along which there has been miles of horizontal displacement. (b) San Pitch 
type. A brittle formation rests on a very plastic series and the whole group 
is subjected to compression under light load. The lower strata will fold, but 
the upper horizon may develop an imbricate structure and ride forward over 
the older underlying rocks on a major fault which serves as a sole. (c) Bed- 
ding faults due to shearing between strata. Displacement is usually small and 
the beds cut out are only a few feet thick. 

(3) Erosion thrusts permit younger rocks to be thrust onto older as well as 
the more obvious relation of older onto younger. 

(4) Striping of sedimentary cover of autocthonous rocks below an advanc- 
ing nappe. The sedimentary envelope of the nappe may thus rest on the 
autocthonous crystallines. 


ALGONKIAN FORMATIONS IN THE BLUE RIDGE, VIRGINIA* 
BY R. J. HOLDEN 
(Abstract) 
The metamorphism of the pre-Cambrian rocks in Virginia is such that many 
problems of Algonkian stratigraphy remain to be solved. Keith has described 


a basalt which he definitely assigned to the Algonkian and called the Catoctin 
schist. During the past summer studies by the writer in the Blue Ridge in 


*Published with the permission of the State Geologist, Virginia Geological Survey. 
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Botetourt and Rockbridge Counties have shown locally the presence of sedi- 
ments and lava flows below the base of those beds which have been considered 
Lower Cambrian and above the upper surface of the Archean granites. 

There are two surface lava flows, a rhyolite and a basalt, and two series of 
sediments. The relation of the rhyolite to the other Algonkian beds is not 
definitely known but pebbles of rhyolite as well as fragments of basalt have 
been found in the Cambrian basal conglomerate. The sediments are conglome- 
rate, arkose, sandstone and slate. The units whose sequence has been deter- 
mined are as follows: 


Cambrian Unicoi sandstone 
Basalt 
AlgonkianJ Upper sedimentary series 
Lower sedimentary series 
Archean Granite 


The basalt appears to correlate with the Catoctin schist which had been 
located previously forty miles to the northeast. Where best known the upper 
series is definitely unconformable on the lower series. The unconformity is 
attested by a discordance in bedding and by a basai conglomerate. The 
angular discordance between the two series is about 30 degrees. To the north- 
eastward along the Blue Ridge for a distance of 130 miles no sediments have 
been found below the basalt and that formation unconformably overlies granite 


gneiss. 


Read by Arthur C. Bevan in the absence of the author. Brief remarks 
were made by Hugh D. Miser. 


MICROBIOLOGY AND THE MARINE LIMESTONES 
BY R. M. FIELD 
(Abstract) 


Investigations completed to date on the microbiology of the marine muds 
in the Bahamas reopen the question as to the importance of marine micro- 
organisms in the precipitation of calcium carbonate. Dr. W. Bavendamm, 
microbiologist on the 1929 expedition, finds that, while the bacteria content 
of the sea water is negligible, the marine carbonate muds on the banks contain 
an interesting microflora which increases in number and importance in the 
brackish and freshwater muds on Andros Island. The conclusion is reached 
that such bacteria as Bacterium calcis, or Pseudomonus calciphila and P. 
calcipraecipitans do not exist, but that forms such as the sulphate-reducing 
bacteria, ammonifying bacteria, denitrifying bacteria and agar-liquefying bac- 
teria are important but indirect agents in the precipitation of calcium carbon- 
ate. 

The reactions in which the bacteria appear to play a fundamental role are: 


(NH,),Co,+ CaSo,=CaCo,+ (NH,).S04 
RS+Co,+ H,O=H,8+RCO, 


= 
I 
ie 
( 
a 
4 | 


“li- 
red 


of 
not 
ive 
ne- 


TITLES AND ABSTRACTS OF PAPERS 143 


Ca (HCo;),+2NH,OH=CaCo,+ (NH,),Co;+2H,O 
Ca (COOCH;) 2+ 0,=CaCo,+3H,0+3C 
Ca CaCo,+H,0+Co, 


The significant results of the microbiological and the geological investigations 
in the Bahamas appear to be as follows :— 

1) The microbiological reactions are more effective in the brackish and fresh- 
water muds of Andros Island than in the shallow marine mids, — 

2) The bulk of the calcareous mud under the sea water on the banks has 
been derived from Andros Island. 

3) The unconsolidated calcareous muds of Andros Island were probably 
formed under brackish or freshwater conditions. 

4) The bulk of the calcareous mud in the Bahamas does not appear to be 
of normal marine origin, and may be estuarine. 

5) The bulk of the fine-grained limestones (Pre-Cambrian to Mesozoic) are 
not original marine precipitates unless the ancient oceans were chémically dif- 
ferent from what they are at the present day. 


Brief remarks were made by R. Roth and Parker D. Trask. 


LINDEN MONOCLINE—A CORRECTION* 
BY GEORGE HALCOTT CHADWICK 
(Abstract) 


The “Clarendon-Linden fault,” announced by the writer in 1920 (1919 meet- 
ing), has been regarded as responsible for the western New York earthquake 
of August 12, 1929. Other evidence concerning it has come to hand since the 
original publication, and recently a more careful re-examination in the field 
has shown that (superficially at least) at the Linden end it is not a fault but 
a monocline as it passes southward into the shales. Hence it will be better 
to speak of this portion as the Linden monocline, and of the north end only 
as the Clarendon fault, the whole constituting the Clarendon-Linden displace- 
ment. 


Read by title in the absence of the author. 


PRE-CAMBRIAN OF THE LLANO UPLIFT, TEXAS 


BY H. B. STENZEL 


(Abstract) 


The paper gives information concerning the succession of rocks and intru- 
sions and the structure of. the gneiss and schist folds around Llano and 
Burnet, Texas. 

The Valley Spring gneiss and the Packsaddle schists are reinvestigated 
and redefined. The gneiss as redefined by the writer is an orthogneiss 0’ 


*By permission of the Republic Light, Heat & Power Co. 
tIntroduced by J. T. Lonsdale. 
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conformable contacts intrusive in the schist series, which are mainly mica- 
schists, amphibolites, and marbles. The gneiss and schists are intricately 
folded in isoclinal and zig-zag folds, which in turn are folded in broad and 
open folds of northwest-southeast trend and 16 pitch to the southeast. The 
grain of gneiss and schists is strictly parallel to the axes of the broad and open 
folds. 

The granites are intrusive in gneiss and schists and are subdivided on the 
basis of lithology and structural relationship into red, coarse grained Town 
Mountain granites, grey medium grained Oatman Creek granites, and grey fine 
grained Sixmile granites. The first group is the oldest and forms several 
large more or less conformable intrusive bodies. The Oatman Creek gran- 
ites form a small en echelon swarm of intrusive bodies southeast of Llano. 
The fine grained Sixmile granites form some cross-cutting intrusive bodies and 
are the youngest granites. 

The last intrusions are dikes of quartz-porphyry and felsite. As a whole 
the intrusions progress from coarse grain to fine grain, from large masses 
to small dikes, and from strictly conformable to strictly unconformable 
contacts. 


PREMONITORY FORMATIONS 


BY CHESTER W. WASHBURNE 
(Abstract) 


Marked change in type of sedimentation precedes every great deformation. 
During many geologic periods there is slow deposition of relatively fine, largely 
marine sediments, mostly in the geosyncline. Then rather suddenly comes the 
unconformable rapid deposition of thick series of coarser, clastic, largely non- 
marine sediments, during only one or two geologic periods immediately preced- 
ing the main disturbance. These may be called premonitory strata, because 
of their time relation to the main orogeny. Examples are the Pennsylvanian- 
Permian group of the eastern United States of America and western Europe, 
preceding the Appalachian-Hercynian revolution ; the similar Upper Cretaceous- 

-aleocene strata, premonitory to the main orogeny of the Rocky Mountains; 
the great Franciscan series of California, premonitory to the late Jurassic 
revolution of the Pacific Coast, as were also other masses of coarse clastics, as 
on the Alaskan Peninsula; the great thickness of Pliocene sand and gravel in 
southern California, premonitory to the main deformation of the Coast Ranges ; 
a thick body of continental, partly coal-bearing Lower Cretaceous strata in 
northern Alaska, premonitory to the main folding and thrusting of the Brooks 
Range; the flysch of the Alps; et cetera. 

Recognition of the premonitory character of strata may help decide dis- 
puted points in orogeny. Thus in southern Oklahoma-Arkansas, the premoni- 
tory character of the Pennsylvanian sediments indicates that the main deforma- 
tion of the Ouchita-Arbuckle chains was post-, not early, Pennsylvanian. In 
eastern Canada the strongly premonitory character of the Devonian strata, 
including the 7,000-foot Gaspé sandstone, supports Logan’s contention that 
the greatest revolution of that region was the Acadian. 
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DOUBT CONCERNING TENSION IN THE EARTH’S CRUST 


BY CHESTER W. WASHBURNE 
(Abstract) 


Tension adequate to create grabens and other “gravity faults’ would pull 
apart the intersecting joints of adjacent outcrops far enough to let some 
little blocks drop between them. No little blocks of this kind can be found. 
Instead the outcrops reveal that one intersecting small fault invariably is 
younger than the other. Intersecting normal faults make a horst directly 
beneath a graben, a relation which obviously prevents downsinking of the 
graben against the contrary uplift of the horst. Movements creating a graben 
should show in minor structures at many places within the masses involved, 
as do all other types of structure. ; 

That stratigraphic surfaces on growing anticlines generally are not subject to 
the tension of a bending beam is indicated by the rarity of longitudinal normal 
faults along their axes. The few observed may have other explanation. The 
inclination of flow cleavage shows that anticlines generally grow by the upcreep 
of higher layers over lower, rather than by the accommodation of the upper 
layers to the folding of the lower. This cleavage and the corresponding joints 
arose from shear during the folding, under the principle of Leith’s strain 
ellipsoid, in which however the “axis of tension” should be called the “axis of 
least compression,” because in compressing Earth masses in one direction 
some of the compression would be diverted to all other directions by inclined 
joints and by the thickening and mashing of shale, schist, etcetera. There could 
be no direction of tension. 


Brief remarks were made by R. Roth. 


OVERTHRUSTING IN THE SOLITARIO REGION OF TEXAS 
BY E, H. SELLARDS 
(Abstract) 


The Solitario is a pronounced small uplift located on the borderline of 
Presidio and Brewster counties in Trans-Pecos, Texas, ten or fifteen miles from 
the Rio Grande. This uplift or dome was formerly capped by a Cretaceous 
covering which has now been largely removed by erosion. Although only a 
few miles across, this dome involves uplift of several thousand feet. The ero- 
sion basin resulting from the dissection of the Solitario dome is about four and a 
half miles across and the land surface is lowered from 500 to 1,000 feet below 
the average level of the surrounding rim. Within this basin formations are 
exposed ranging in age from Cambrian or older to Carboniferous, overlain by 
Cretaceous. The Paleozoic recks of this basin are intensely folded, faulted, 
and in some instances overthrust, the trend lines being in general northeast- 
southwest. The uplift giving rise to the dome is post-Cretaceous and modifies 
the pre-Cretaceous folding accordingly. 

In facies the Paleozoic formations of the Solitario region agrees in the main 
with the deposits of similar age in the Marathon region of Texas and with the 


X—BULL. GEOL, Soc. AM., VoL. 43, 1932 
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Ouachita Mountains of Oklahoma. Although covered by later formations the 
probability of actual continuity of deposition between these regions along the 
inner margin of the Gulf Coastal Plain is indicated by well records. Notable 
overthrusting from the southeast has been recorded in both the Ouachita and 
Marathon regions. Similar overthrusting in the Solitario was observed by 
Adkins, Arick, and Sellards in 1928, and additional observations have since 
been made. 

A very considerable part of the eastern half of the Solitario basin is occupied 
by a thrust sheet including Ordovician and Devonian (?) overlying Carbon- 
iferous. Through this sheet, windows have been formed by stream erosion, 
and on one of the hills in the basin, known as Lion Mountain, the overthrust 
sheet, including Marivillas (Ordovician) and Caballos (Devonian 7?) forma- 
tion, rests in horizontal position on the Tesnus (Carboniferous) formation. 
The overthrust sheet does not affect the Cretaceous, but is itself affected by 
the pronounced local doming forming the present uplift. The overthrusting 
in this region is further evidence of the close relationship not only in facies 
of deposition but also in structural deformation of the Solitario with the 
Marathon and Ouachita regions. 


Brief remarks were made by Philip B. King. 


TEXAS EARTHQUAKE OF AUGUST 16, 1931 
BY E. H. SELLARDS 
(Abstract) 


An earthquake of about intensity 8 of the Rossi-Forel scale occurred in west 
Texas in the early morning of August 16, 1931. The shock was felt over most 
of Texas, northern Mexico, eastern New Mexico, and southern Oklahoma. 
The greatest apparent intensity was at Valentine in Jeff Davis County and 
thence in a northwesterly direction to Lobo in Culberson County, Texas. 

The earthquake was sensible a greater distance in the northeast quadrant 
from the place of occurrence than in any other direction. The locus of the 
earthquake is near the eastern margin of the Cordilleran mountain belt. 
Northeastward from the mountain region the formations to a depth of several 
thousand feet are level-lying or with slight dip and present no highly com- 
plicated structural conditions. In the opposite direction in the mountain 
region the highly complicated structural conditions apparently damped the 
intensities of the tremors, reducing the distance at which they were sensible. 

The town of Valentine, where the maximum effect was felt, is located in an 
intermontane valley. At this place the valley is chiefly synclinal in nature 
although it is probably in part bounded by faults. The valley as a whole is 
filled with débris from the bordering mountains and south and east of Valen- 
tine received extensive Tertiary lava flows. The structure lines in this part 
of Trans-Pecos Texas, as indicated by this valley, are prevailingly northwest- 
southeast. 

A preliminary location from seismograph records made. by the United States 
Coast and Geodetic Survey places the epicenter of the earthquake somewhat 
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southeast of Valentine. The time of occurrence of the earthquake was near 
11 H. 40 M. 20 S. Greenwich time. The isoseismals form elipses elongated 
northwest-southeast in accordance with the trend of faults and other struc- 
tural lines of this region. No displacement at the surface, however, has been 
detected. 


PALEOZOIC ROCKS IN MONGOLIA 
BY CHARLES P. BERKEY AND FREDERICK K. MORRIS 
(Abstract) 


North of Tabool, Inner Mongolia, the writers found a broad area of rather 
fine mica-schists and phyllites, undercut by bathylithic granite. A thin wedge 
of limestone in the phyllite still preserved traces of Permian fossils. In the 
Jichi Ola range, crinoid stems were found in a sandy limestone interbedded with 
conglomerates, graywackes, silicified ash and argillite. These rocks are cut by 
large dikes of diorite; and in Los Ola, the next range east of Jichi Ola, similar 
graywackes in which we found no fossils are cut by bathylithic granite. Petro- 
graphic studies of specimens have supported the inference that yet other ter- 
ranes may belong to the Paleozoic. We have no doubt that when further 
studies can be made in Central Asia, other areas of Paleozioe rocks will be 
recognized, and more post-Permian granites will be recognized with them. 
These occurrences seem to indicate that the Great Bathylith of Mongolia, which 
renewed its intrusive action repeatedly, did so on a larger scale during the 
post-Permian disturbance than was at first recognized. 


Read by title in the absence of the authors. 


WELLS CREEK BASIN, TENNESSEE, A TYPICAL CRYPTO VOLCANIC STRUCTURE 
BY WALTER H. BUCHER 
(Abstract) 


Detailed mapping of the Wells Creek Basin, Tennessee, by the writer has 
shown it to be the central part of a typical crypto voleanic structure. A roughly 
circular central area, not quite one mile in diameter, was forced up at least 1,000 
feet, while in a circular belt lying about two and a quarter miles from the 
center, the rocks were dropped at least 300 feet. 

Three observations suggest that this structure arose from an explosive 
shock: (1) The extreme fragmentation and confusion of the central area. 
(2) Intense local shattering which produced “shatter cones,” such as have been 
described from the crypto voleanic Steinheim Basin, Germany, where the evi- 
dence for an explosive force is convincing. (8) Abnormal updrag along some 
of the faults. 

Several important details of the other American crypto volcanic regions 
become intelligible when an explosion is assumed as the cause. In the erypto 
voleanie regions such an explosion would have been unable to blow off the over- 
lying rock, succeeding merely in lifting and deranging it. If completely suc- 
cessful they would have probably been of the type which Dana called “semi- 
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volcanic,” illustrated by the eruption of Bandai San or the recent eruption of 
Lassen Peak. 

In Wells Creek Basin fracturing and disordering drop to a minimum along 
the rim of the basin a mile and a half from the center. This seems to indicate 
that the collapse within the outer ring-shaped belt is a secondary result of the 
explosion. 


Brief remarks were made by N. H. Darton, W. A. Ver Wiebe, G. L. 
Knight and H. D. Miser. 


LARGE BOULDERS IN THE HAYMOND FORMATION OF WEST TEXAS* 


BY PHILIP B. KING 
(Abstract) 


In a syncline east of Marathon, Texas, in the Haymond formation of Pennsyl- 
vanian age, there is an outcrop, eight miles in length, of a layer containing large 
erratic boulders. Its discovery has been noted in several recent papers. 

The boulders are of a variety of sizes and ages. Some of the smaller frag- 
ments are of pre-Cambrian crystalline rocks. The larger blocks are of De- 
vonian (?) novaculite (up to 50 feet across) and of fossiliferous Pennsylvanian 
limestone (up to 125 feet). The boulders are imbedded in massive arkosic 
mudstone. in which the large houlders are arranged in clusters. The mudstones 
form lenticular beds up to 15u feet thick, which are interbedded with arkose 
and thin-bedded sandstone and shale. At one place the boulder beds extend 
through 900 feet of strata. They are underiain and overlain by several thou- 
sand feet of thin-bedded sandstone and shale. 

It is concluded that the boulder beds were formed by processes of trans- 
portation and deposition, and that they lie as true sedimentary layers in a 
normal stratigraphic succession of great thickness. The large blocks are 
neither a tectonic breccia nor an originally continuous layer disrupted by fault- 
ing. The peculiar character of the mudstone matrix, and of the associated 
arkoses and regularly interbedded sandstones and shales is suggestive of un- 
usual conditions of sedimentation, and perhaps of unusual climate. The deposit 
is in some wise related to the earliest phase of the Pennsylvanian mountain 
making in the Marathon region. 


MINFORD SILTS OF SOUTHERN OHIO 
BY WILBER STOUT AND DOWNS SCHAAF 
(Abstract) 


Throughout southern Ohio abandoned valleys, lving much above the level 
of the present streams, contain thick deposits of materials which have special 
physical and chemical properties. 

Remnants of such deposits occur along the floors of these old streams and 
their tributaries to an elevation of about 800 feet. The outstanding stratum 


*Published by permission of the Director, U. S. Geological Survey. 
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is a fine-grained, highly laminated silt which is here called the Minford silt 
from exposures near Minford in Scioto County. Analysis reveals that this 
silt contains an unusually high content of potassium oxide, K,O, and the 
microscope shows that it is made up largely of sericite scales. The evidence 
indicates that these deposits were laid down during flooding of the valleys, 
caused by one of the early ice sheets. The source of the material is assigned 
to the schists of the Piedmont Plateau. 


Read by title. 


FAULTING OF LAVA-TOPPED DESERT MESAS 
BY CHARLES KEYES 
(Abstract) 


Lofty, lava-topped mesas, with precipitous faces on one side or the other, 
and with terreplains often so notably inclined as to make them rightly cognated 
cuestas, are, as is well known, quite characteristic of our western desert 
regions. The plains-surface beneath the terreplain of these elevated mesas rep- 
resent, of course, former levels, when the general plains-surface was higher 
than at present. 

The abrupt faces of these mesas are frequently so long, so straight, and so 
closely inclined to the vertical that they are more often than not accounted for 
as fault phenomena, and illustrative of Gilbert’s typical Basin Range struc- 
ture. In no instance, however, does a fault-plane appear to have been actually 
located, its presence being a matter of inference. 

Several of these reported Basin Range structures are recently the sites of 
extensive excavations. The lava beds at the top and at the bottom of the 
inclined mesas are shown not to be the same, nor are there any actual fault 
phenomena revealed. When traced back to their points of origin the basal lava- 
sheet is shown to be a flow from the same vent as the upper one, and the out- 
pourings of the two are merely separated by long intervals of time, sufficiently 
long for the regional depletion to have reached a measurement of 1,000 feet or 
so. There are also many intervening lava-flows. Such lava-flows, therefore, 
do not always furnish indisputable evidence in support of the current theory 
of Basin Range structure, as is sometimes claimed. 


Read by title. 


MECHANICS OF FAULTING NEAR SANTA BARBARA, CALIFORNIA 


BY MASON L. HILL* 
(Abstract) 


Faults near Santa Barbara, trending in two directions, are characterized by 
steep dips, horizontal displacement parallel to the fault trace and restricted 
length. The difference in direction of horizontal relief in different parts of 
the area establishes two fault systems. Rotational stress acting in north north- 


*Introduced by C. K. Leith. 
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west-south southeast couples and enduring from late-Pliocene or post-Pliocene 
time to the present is inferred to be the direct cause of both systems of de- 
formation. The faults are found to differ in essential respects from those 
previously described. Limitations are placed (1) on the projection of faults 
horizontally or at depth, (2) on the use of the physiographic method of fault 
mapping and (38) on the reference of seismic epicenters to particular faults. 


Read by title. 
The sectional meeting adjourned at 5:10 o'clock. 


MEETINGS oF TuESDAY EVENING 
PRESIDENTIAL ADDRESS BY ALFRED C. LANE 


The address of the retiring President, Alfred C. Lane, entitled 
“Eutopotropism,” was delivered before a large audience made up of the 
combined societies and invited guests in the Auditorium of the Central 
High School at 8 o'clock. This address is published elsewhere in this 


number of the Bulletin. 
ANNUAL SMOKER 


At the conclusion of the presidential address the members of the 
Geological Society of America and of the affiliated and associated 
societies and their guests participated in the complimentary smoker given 
in the Mayo Hotel by the local geologists. There was a very large at- 
tendance and an excellent opportunity to renew acquaintance. Special 
entertainment was provided in the form of dancing, which was greatly 


enjoyed, 


SEssION OF WEDNESDAY MORNING, DECEMBER 30 
SPECIAL BUSINESS SESSION 


The session was called to order at 9.35 o’clock by President Lane, in the 
Crystal Ballroom of the Mayo Hotel. Unfinished business which had 
gone over from the session of the previous morning was first taken up. 

Kirk Bryan, representative of the Society on the National Research 
Council, presented the following report on the service of the Council as 
related to geologic activities and research. 
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REPORT ON THE DIVISION OF GEOLOGY AND GEOGRAPHY OF THE NATIONAL 
RESEARCH COUNCIL 
BY KIRK BRYAN, Representative 


The National Research Council has now been in operation 12 years 
and the writer has served two years as your representative. It is therefore 
fitting that some estimate be made of the value of this enterprise in 
furthering the cause of science and of geology in particular. 

The National Research Council is the outgrowth of the National 
Defense Council and was founded on war-time enthusiasm. The useful- 
ness of the Council in an emergency is unquestioned. To what extent 
the organization is valuable in the humdrum conditions of peace remains 
for the future to decide, and depends on the amount of labor expended 
and on constant revivifying by new sources of enthusiasm. 

There is an obvious advantage in the existence of a center of informa- 
tion and activity for geology. The chairman of the Division of Geology 
and Geography forms such a center—useful to all members of the 
profession and himself gaining from contacts with many minds. The 
changing personnel of this office has been advantageous both to the science 
and to the holders. The influence of the chairman in the matter of 
grants-in-aid is very real and the number of projects in geology that have 
been, aided is large and the results gratifying. The Storrow fellowships, 
given because of the personal influence of Arthur Keith, have been — 
and important in stimulating research by younger men. 

The meetings of the Division entail a long hard day of serious work 


and thinking on the part of the members and the committee chairmen. 


No one can criticise the earnestness of these proceedings. The main point 
which may be raised is whether one day a year is adequate. It appears 
that more work throughout the year in the various projects and reports is 
necessary and desirable. 

The main work of the Division of Geology and Geography is done by 
the committees which now number about 27. Four of these committees 
have to do with geography and it is gratifying that this sister science is 
to be aided by the formation of additional committees. Of the commit- 
tees in geology, five have to do with mechanisms for encouraging and aid- 
ing scientific work, and eight with cooperation with other sciences or with 
the study of current processes, two with mineralogy, two with paleobiology, 
and six with problems of geology in the strict sense. 

It seems obvious that the committees on mechanism are successful. 
The encouragement and supervision of bibliographies, the encouragement 
of the publication of authors’ abstracts at the beginning of articles, the 
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preservation of the scientific results of drilling, the formation and en- 
couragement of well-drilling societies, and similar activities are not only 
worthy objects but the work of the committees has been satisfactory and 
efficient. 

The committees dealing with subjects in cooperation with other sciences 
or with borderland fields which include also the observation of current 
geological processes have generally been successful in coordinating work 
and also in propaganda for the furtherance of projects. The Committee 
on Sedimentation has been an outstanding success. The Committee 
on the Measurement of Geologic Time has stimulated effort and is lead- 
ing and guiding important researches. It appears that in such fields 
committee action is of very great help. 

The Committee on the Clay Minerals is concerned with pioneer work 
in a field of the highest importance. The members have contributed 
much to the subject and were already working in close association before 
the organization of the committee. Nevertheless, the organization of the 
committee has perhaps given them encouragement by the evident recog- 
nition of widespread interest in their difficult undertaking. 

The committees that deal with purely geologic subjects have prepared 
or are preparing useful bibliographies which will aid research. It is, 
however, evident that they have not made the place for themselves which 
seems possible or perhaps geologists do not cooperate with each other as 
successfully as they do with other scientists. 

It is also obvious that, whatever the field of the committee, the chair- 
man is the critical factor. His energy, enthusiasm, and hard work de- 
termine the fate of the enterprise. The membership of the Geological 
Society can contribute most to the success of the Division of Geology and 
Geography, and make it a strong force in geology, by cooperation with 
these chairmen. They should be encouraged and assisted in a difficult 
and arduous labor. The carrying on of the work of committees by corre- 
spondence is awkward and funds for annual meetings of committees are 
greatly needed. Such meetings would lighten the work of the chairmen 


and lead to higher efficiency. 


REPORT OF THE AUDITING COMMITTEE 


To the Geological Society of America: 
The Auditors state that the Treasurer’s report has been examined and 
the items checked against the vouchers and other supporting documents 


and found to be correct. 
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The securities in Baltimore belonging to the Society will be examined 
and a report thereon made to the Secretary within thirty days. 
C. H. WEGEMANN, 
C. W. Honess. 
December 29, 1931. 


This report was received and accepted, conditioned on receipt of an 
additional section of the report covering the securities. 


REPORT OF SECURITIES OWNED BY THE GEOLOGICAL SOCIETY 


The following list of securities was verified by Mr. Wegemann, as shown 
by the letter attached hereto. 


Par VALUE 
STOCK 


10 shares of the capital stock of the Iowa Apartment House Company, 
Washington, D.C. Bought February 6, 1901..........ccccccccccces $1,000 
40 shares of the capital stock of the Ontario Apartment House Company, 
Washington, D. C. 20 bought April 7, 1903; 10 bought May 12, 1905; 


BONDS 


2 Texas and Pacific Railway Company first mortgage 5% bonds, No. 
11,915, No. 20,892. Bought March 17 and 25, 1898; due June 1, 2000 2,009 

2 Fairmont and Clarksburg Traction Company first mortgage 5% bonds, 
No. 29, No. 30. Bought November 18, 1911; due October 1, 1938..... 2,000 

2 Consolidation Coal Company first and refunding mortgage, 40-year 5% 

sinking fund gold bonds, No. 11,850, No, 11,851. Bought November 1, 

3 Chicago Railways Company first mortgage 5% gold bonds. Due Febru- 

ary 1, 1927. Deposited with Bondholders’ Committee. Temporary 

certificates No. S 108 also deposited. 10% of principal paid Novem- 
Der, 1929, 59. of principal paid Auguat, 1980. 2,550 

Southern Bell Telephone and Telegraph Company first mortgage 5% 

bonds, No. M13,217, No. M13,218. Bought May 20, 1914; due January 

2 American Telephone and Telegraph Company 20-year sinking fund 

514% gold debenture bonds No. 63,305, No. 63,306. Bought Novem- 


no 


ber G0, Gee November 1, 1048 2,000 
2 Baltimore and Ohio Railroad first mortgage 5% bonds No. 142,100, 

No. 142,101. Bought October 27, 1924; due, 1948..............000. 2,000 
2 Commonwealth Edison first collateral trust 5% bonds No. 8,562, No. 

8,563. Bought November 28, 1924; due, 2,000 
2 Central Railways of Baltimore first mortage 5% bonds No. 547, No. 

548: Bought November 30, 1025; due, 1082... 2,000 


n- 
ly 
nd 
eS 
nt : 
ee 
ee 
rk 
od 
re 
he i 
ed 
is, 
ch 
as 
ir- 
e- 
al 
id 
th 
lt 
re 
on 
1d 
| 


154 PROCEEDINGS OF THE TULSA MEETING 


2 Canadian Pacific Railway Company 444% bonds No. 12,235, No. 12,236. 

2 Southern Pacific Railway Company 40-year 444% bonds No. 7,979, No. 

2 Shawinigan Water and Power Company first mortgage A 414% bonds, 
No. A09,067, No. A09,068. Bought April, 1928; due, 1967.......... 2,000 

2 Canadian National Railway Company 40-year 444% bonds No. 5,440, 
5,441. Bought January 21, 1929; due, 1968.................. 2,000 


3 Consolidated Gas, Electric Light and Power Company of Baltimore, 
general 414% No. 2,491, No. 2,623, No. 2,663. Bought October 21, 


2 Carolina Power and Light Company 5% bonds, No. 33, 198, No. 33,199. 

2 Province of Ontario 5%, No. ANOOOTO, No. ANOOO71. Bought February 

2 City of Montreal 5%, No. D5,650, D5,651. Bought February 6, 1930; 

1 Southern Pacific-Oregon Lines first mortgage 444%, No. 20,599. Bought 

2 Delaware and Hudson Company first refunding mortgage 4%, No. 
32,540, 325-41. Bought May 27, 1930; due, 1943..........cccccees 2,000 

1 Commonwealth Edison first mortgage series F 4% bond, No. TM78,285. 
Bought July 13, 1931; due, 1981........ ae 1,000 


PENROSE GIFT 


5 City of Philadelphia 4% loan of October 1, 1920; No. 2,862-66; due, 
1953; given December 28, 1926 ...... sess 5,000 


To the Secretary: 

In accordance with the preliminary report of the Auditors I have 
examined the securities in the Society’s box at the Baltimore Trust Com- 
pany and have found them as given in the accompanying list, which is 
the same as that published in the report of the Treasurer and accepted at 
the annual meeting. 

CarRoLL H. WEGEMANN. 


Baltimore, January 6, 1932. 


RESOLUTION OF APPROVAL OF ACTS OF THE COUNCIL 


The following resolution, duly made and seconded, was unanimously 
adopted by the Fellows present: 


Resolved, That all acts and proceedings of the Council, during the year 1931, 
be and they hereby are approved, ratified, confirmed, and adopted by the mem- 
bership of the Geological Society of America. 
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REPORT OF THE COUNCIL CONCERNING THE PENROSE BEQUEST 


0 
The following report of the Council concerning problems presented by 


0 the bequest of the late Dr. R. A. F. Penrose, Jr., amounting to half of 
his residuary estate, was read by the Secretary. 

9 The Penrose bequest has given this Society greatly expanded oppor- 
tunities, and, at the same time, imposed on it enormously increased re- 
sponsibilities. The problems raised by this generous remembrance on the 
part of Doctor Penrose have been the subject of deliberate, constant and 
( constructive consideration by the Council. It is both the duty and pur- 
pose of the Council to consider carefully all suggestions made and to keep 
‘ the membership fully advised of the progress made in formulating pro- 
cedures necessary to the proper and most satisfactory utilization of its 
larger financial resources. 

0 Obviously, the situation presents two major problems—that of safe- 
guarding and conserving the funds and that of wisely employing the 
0 income from them. 

As to the first, your Council has by appropriate resolutions appointed 
an Advisory Committee of three Fellows, not members of the Council, to 
cooperate with the Finance Committee. It has also requested the Finance 
Committee to prepare and present at the April meeting of the Council a 
detailed report with recommendations in respect to— 

(1) The intrinsic merit and market value of the securities listed in 
) the Penrose endowment fund. 

(2) Any detailed plan which in the judgment of the Committee should 

he adopted for the management of the bequest. 
e (3) A definite recommendation for adoption by the Council of a plan 
2 for the safekeeping of the Penrose securities and funds when, as and if 
they come into the possession of the Society, and for collecting the income 
therefrom. 

In carrying out these instructions the Finance Committee has been au- 
thorized to employ assistance and to traverse all available avenues likely 
to furnish instructive information. 

As to the second problem, the Council has selected a temporary advis- 
ory committee of seven Fellows, not members of the Council, to survey the 
field of geology and to make recommendations as to the most promising 
’ and most needy fields of geological research and activity to which part, 
at least, of the income of the Penrose fund may be devoted without inter- 
ference with the authority of existing agencies. 

, In the course of this survey the Committee is requested to invite sug- 
gestions from the Fellows of the Society and to give consideration to all 
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suggestions which have been or may be received by the Council. This 
Committee will report to the Council at its April meeting. 

Shortly after the adjournment of this meeting a letter will be sent to 
all Fellows of the Society, embodying the substance of this statement, 
giving the personnel of this Committee, and inviting suggestions for con- 
sideration of the Advisory Committee. 

The date when the Society will come into possession of the Penrose 
bequest can not be given definitely at this time. The executors have 
stated that they plan to make distribution of the estate some time in April 
if no unforeseen obstacles arise. By that time the Council will have in 
its hands the reports of the Finance and Advisory Committees to guide 
it in formulating the next necessary steps. 

It is clearly not advisable to move precipitately or without most care- 
ful consideration of alternatives. Much preliminary work has to be 
devoted to policies and plans and methods of operation. The Council ex- 
pects continuance of the confidence implied in its election and on its part 
assures the fellowship of its intention to keep the Society informed re- 
garding the progress of these studies and of such action as is taken in the 
handling of this endowment and the use of the income. 


ADDRESS OF THE RETIRING PRESIDENT OF THE PALEONTOLOGICAL SOCIETY 


At 10.05 o’clock, Vice-President Edgar R. Cumings, retiring President 
of the Paleontological Society, presented his address, entitled “Reefs or 
Bioherms?” This address is published elsewhere in this number of the 
Bulletin. 

At the conclusion of this address the program was continued with the 
titles as listed. 

TITLES AND ABSTRACTS OF PAPERS 


OZARKIAN AND CANADIAN SECTIONS IN NORTH AMERICA AND THE PHYSICAL 
RELATIONS OF THESE SYSTEMS TO EACH OTHER AND TO THE CAMBRIAN 
BENEATH AND THE RESTRICTED ORDOVICIAN ABOVE 


BY E. 0, ULRICH 
(Abstract) 


About 100 correlated columnar sections, including varying amounts of Cam- 
brian sediments at the lower end and of such overlying Ordovician and younger 
Paleozoic formations as may contribute to the purposes of the paper, will be 
briefly discussed. The sections are divided into four sets. The first set is 
made up of sections that show the sequence of formations in and along the 
strike of the outermost of the folded belts in the Appalachian, Ouachita, and 
Cordilleran geosynclines. The second set also follows the strike of the 
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geosynclines, but along a median belt. The third set is made up of sections 
taken at points along lines across the strike of the geosynclines and includes 
also Appalachian sections of a third folded belt that lies on the west side of 
the goesyncline. In most cases the Appalachian sections of the first and second 
sets are repeated in this set, and when desirable a fourth and in a few cases 
even a fifth column is added showing the sequence in the eastern part of the 
unfolded interior area. 

Study of the lithologic character and of the faunal contents of the com- 
ponents of these columnar sections throws much light on the greatly varying 
paleogeographic distribution of the concerned marine waters in which the 
formations were deposited and on the oceanic sources of their respective 
faunas. 


Read by title in the absence of the author. 


FURTHER EXTENSION OF THE SIERRA MADRA MASTER ORIENTAL FAULT 
ZONE OF MEXICO DESCRIBED BY TATUM AND OTHERS 


BY ROBERT T. HILL 
(Abstract) 


Tatum and others described a vast fault-zone in eastern Mexico which con- 
stitutes a conspicuous physiographic and geologic lineament of that country. 
This was variously called the “‘Sierra Madre front range fault’ and “Sierra 
Madre Oriental fault.” The name “Eastern Sierra Madre fault” would be more 
easily understood in the United States. 

This fault-zone was described as an enormous elongated structure zone con- 
sisting largely of faults underthrust from the west which has produced the 
main close folded highland group known as the Sierra Madre Oriental, and 
affected a number of subordinate parallel folds to the east. 

Tatum mapped the fault-zone between the latitudes of Victoria, Tamaulipas, 
and affected a number of subordinate parallel folds to the east. 

Tatum mapped the fault-zone between the latitudes of Victoria, Tamaulipas, 
and a point about 150 miles west of Eagle Pass, Texas, and 30 miles south- 
east of Boquillas in the Rio Grande, the writer proposes its extension some 
500 miles northwest and southwest of these points, and believes that it con- 
tinues to at least an equal distance to the southeast. 

Tatum did not extend the fault-zone to the Rio Grande, but reconnoissances 
by the writer, made many years ago, show that this stream cuts directly across 
the fault-zone belt here 50 miles wide, and that the belt extends completely 
across the Trans-Pecos portion of Texas in a northwest direction into southern 
New Mexico. 

The occurrence, longitudual extent and age of this fault-zone is undoubtedly 
the key to the highland physiographic and geologic history of east Mexico, the 
cause of a large part of the hitherto unexplained peculiar unity of the moun- 
tain province of a portion of Trans-Pecos Texas and New Mexico, and the 
explanation of the accompanying Neocene and Pleistocene history of the Texas 
regional coastward slope. 
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The Chisos country (once described by the writer as the Chisos Graben) the 
Valentine Elats, the Salt Lakes Bolson, the Tularosa Bolson in part and the 
Sierra Oscura are each and all along of the northwest extension of the eastern 
Sierra Madre fault-zone of Tatum and exhibit its characteristic phenomena. 
There are indications that the zone may extend still farther northwest toward 
Socorro and beyond. Persimmon Gap, Del Norte Gap, Santiago Range and 
Peak, the west side of the Delaware and Guadalupe mountain ranges mark 
portions of the zone. The effusives of the Davis mountains mask it. 

The great Sierra Blanca (New Mexico), a master group of volcanoes, rises 
from the protracted extension of the line. Reconnoissance between the west 
foot of Guadalupe Peak and Socorro New Mexico, a distance of 180 miles, will 
undoubtedly reveal many structural features referable to this zone. 

This thrust fault-zone is the major line of yielding from great pressure 
exerted from the west. Parallel lines of structural yielding are encountered 
both to the east and to the west. 

Observations of the writer and others have revealed repetitions of the over- 
thrusting with close folded axes to the west of this main fault line zone in the 
Chihuahua Bolson and western Sierra Madre regions. Baker and Sellards have 
recently published and are publishing excellent details to the west of the main 
eastern Sierra Madre fault-zone unit. 

Undoubtedly the main eastern Sierra Madre fault-zone is one of a series of 
overthrust zones which are and will be encountered westward to the Pacific 
Ocean. It is suggested that the process has been cumulative and is still going 
on in the western continental margin. 


Read by title. 


ADDRESS OF THE RETIRING PRESIDENT OF THE SOCIETY OF ECONOMIC 
GEOLOGISTS 


At 11 o’clock L. C. Graton, retiring President of the Society of Eco- 
nomic Geologists, presented his address, entitled “Depth-zones in ore 
deposition.” 

At the conclusion of the address the following paper was presented. 


GEOLOGIC TIME AND THE ROCK RECORD 
BY GEORGE H. ASHLEY 
(Abstract) 


Some geologists find difficulty in justifying modern time estimates from the 
geologic record. Selecting the Appalachian region as typical and Pennsyl- 
vania as typical of that region, the author first presents the factors used in 
his calculation; second, he estimated the average thickness of Paleozo’e rocks 
in Pennsylvania; third, he estimated the time value of stratigraphic breaks. 
He reaches a time estimate of 420 million years for Paleozoic time. Later the 
Paleowiec rocks were highly folded and then eroded to a peneplain. Studies on 
the rate of downcutting lead to a time estimate of 200 million years for post- 
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Paleozoic time. Both estimates are in substantial accord with modern esti- 
mates, based on the radium-lead ratio. The evidence from biologic changes is 
treated briefly. 


ADDRESS OF THE RETIRING PRESIDENT OF THE MINERALOGICAL SOCIETY 


At 12 o’clock Vice-President Alexander H. Phillips, retiring President 
of the Mineralogical Society of America, presented his address, entitled 
“Tsomorphous substitution of elements in minerals.” This paper will be 
published in the American Mineralogist. 

At the conclusion of the address W. M. Davis presented the following 
paper. 


SHORELINES OF THE SANTA MONICA MOUNTAINS, CALIFORNIA 


BY W. M. DAVIS 


For abstract of this paper see Proceedings of the Cordilleran Section, 
March, 1931. 


SESSION OF WEDNESDAY AFTERNOON 


The afternoon session was opened at 2 o’clock, in the Crystal Ballroom 
of the Mayo Hotel, with President L. P. Garrett, of the American Asso- 
ciation of Petroleum Geologists, in the Chair, and Russell 8S. Knappen 
acting as secretary. 

The feature of the afternoon was a symposium on petroleum prepared 
under the auspices of the American Association of Petroleum Geologists. 


TITLES AND ABSTRACTS OF PAPERS 
CONTRIBUTIONS OF PETROLEUM GEOLOGISTS TO GENERAL GEOLOGY IN 
CALIFORNIA 
BY L, COURTNEY DECIUS 
(Abstract) 


Petroleum geology became of importance in California about 1906, and 
since that date has been primarily responsible for the mapping of the Ter- 
tiary basins of sedimentation. Contributions of general geology during the 
same period have been largely confined to the older non oil-bearing sedi- 
ments and igneous and intrusive rocks. Mapping the Tertiary basins for 
petroleum exploration has involved the development of numerous new methods 
and refinements, such as core-drilling, airplane photography, and the use of 
micropaleontology. Such work has enabled a more accurate interpretation to 
be made of the epochs of deposition, the tectonics of the folding which has 
produced mountain ranges as well as oil fields, and the origin and migration 
of oil and oil field waters. 
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GEOLOGY OF THE NORTHERN MIDCONTINENT OIL DISTRICT 
BY SIDNEY POWERS 
(Abstract) 


This paper will present a generalized outline of the areal, stratigraphic, and 
structural geology in this district of important petroleum deposits. Petroleum 
geology has led to the discovery of many interesting details which have been 
the real foundation for a comprehensive knowledge of geological processes in- 
volved in this basin area. The writer will summarize these detailed observa- 
tions to emphasize the geological principles involved in developing the geo- 
logical history of this basin. 


CONTRIBUTIONS OF PETROLEUM GEOLOGY TO PURE GEOLOGY iN THE 
SOUTHERN MIDCONTINENT DISTRICT 


BY FREDERIC LAHEE 
(Abstract) 


Oil in the States of Texas, New Mexico, Louisiana, and Arkansas is pro- 
duced from formations ranging in age from Ordovician to late Tertiary. In 
the intensive search for petroleum, during the last fifteen years, a great deal 
has been learned in this area regarding surface and sub-surface geology. Had 
it not been for petroleum research, the underground structure and strati- 
graphy of large parts of this area would be wholly unknown. Not only has 
petroleum geology thus increased our store of knowledge in pure geology, but 
also it has led to development and improvement of several important branches 
of technical research, such as geophysics, micropaleontology, airplane mapping, 
and the study of earth temperatures. 

SALT DOMES OF THE UNITED STATES 
BY MARCUS A. HANNA 
(Abstract) 

The paper contains a summary of facts pertaining to the salt masses and 
associated materials of American salt domes, particularly those of Texas and 
Louisiana; also a summary of facts pertaining to the post-salt sediments. 
From these facts theories are presented concerning the structural growth and 


development of the salt masses, and theories concerning the structural de- 
velopment within the post-salt sediments associated with these salt masses. 


CONTRIBUTIONS FROM GEOPHYSICS TO GEOLOGY 
BY J. C. KARCHER AND CARL A, HEILAND 


(Abstract) 


Four geophysical methods have been extensively employed in petroleum 
geology in the United States. The magnetometer has surveyed a vast area. It 
has developed our knowledge of the character of the crystalline basement. The 
torsion balance has been successful in locating salt domes and determining their 
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outlines. Electrical prospecting has not been very successful to date but 
promises to indicate subsurface unconformities and attitudes of beds. The 
seismograph has discovered many salt domes. It has discovered at least three 
producing fields in Oklahoma. It has outlined the area accurately, depth and 
thickness of buried formations. 


Presented by Doctor Heiland. 


ORIGIN OF LOCAL ANTICLINES IN THE MIDCONTINENT 


BY A. W. MCCOY 
(Abstract) 


This paper, by means of cross sections, maps and text, will outline the 
structural and depositional history of local folding as indicated by convergence 
of formations from local basins toward crests of folds, by overlaps, and by 
uplift and erosion. 


Read by title. 
The session adjourned at approximately 5 o’clock. 


ANNUAL DINNER 


Three hundred and thirty-eight Fellows and friends of the Society, 
including members of the affiliated and associated societies and visitors, 
assembled in the Crystal Ballroom of the Mayo Hotel for the annual din- 
ner. Grace was said by Rev. J. D. Finlayson, Chancellor of the Univer- 
sity of Tulsa. President Lane, after making a few remarks and ex- 
pressing the appreciation of the Society for the excellent arrangements 
made by the Local Committee and for the welcome of the people of Tulsa, 
called attention to the presence at the dinner of Frederic W. Simonds, 
one of the two living persons of the group of 37 who sponsored the or- 
ganization of the Society in 1888. He then introduced Heinrich Ries, 
Chairman of the Committee on Award of the Penrose Medal of the 
Geological Society of America. 


PRESENTATION OF THE PENROSE MepDAL To W. M. Davis 

PRESENTATION ADDRESS BY HEINRICH RIES, CHAIRMAN OF THE COMMITTEE 

ON AWARD OF THE PENROSE MEDAL OF THE GEOLOGICAL SOCIETY OF 

AMERICA 
Mr. President, Fellows of The Geological Society of America, Ladies, and 

Gentlemen: 

The award of the Penrose Medal of the Geological Society of America 

is to be regarded as one of the greatest marks of distinction in the field 


XI—BULL. GEOL. Soc. AM., Vou. 43, 1932 


| 
In 
ad : 
las 
yut 
1es 
ng, 

lm 
It 
‘he 
eir 


162 PROCEEDINGS OF THE TULSA MEETING 


of geology. It is made to the geologist of any country who in the opinion 
of the Committee on Award of the Penrose Medal has to his credit notable 
achievements in geologic research, which are of such a character as to 
have profoundly influenced the development of our science, and who has 
reached a position of exceptional prominence in his field as a result of 
long and distinguished service. 

The first award of the medal was made in 1927 to the late Professor 
T. C. Chamberlin, the second in 1928 to Professor J. J. Sederholm of Fin- 
land, and the third’ in 1930 to Professor F. A. A. Lacroix of France. 

This year the Committee on Award of the Penrose Medal has, by unani- 
mous action, confirmed by the Council of the Geological Society of Amer- 
ica, recommended that the medal be awarded to Professor William Morris 
Davis, Emeritus Sturgis Hooper Professor of Geology in Harvard Uni- 
versity. 

For half a century Professor Davis has enriched science by a long series 
of contributions—now well over 200—based largely on original studies 
made at home and abroad, and covering a wide range of subjects in 
geology, geography and meteorology. Many of them have been note- 
worthy not only because of the importance of the principles set forth in 
his usual clear and convincing style, but also for the reason that the views 
expressed therein have commanded attention both in his native country 
as well as in foreign lands. 

Looking over his many contributions, attention may be called to his work 
on the classification and derivation of plains and plateaus. This may be 
said to have marked the beginning of our modern study of land forms, 
and contained the first published scheme of the development of the cycle 
of erosion. 

It was a little later, in 1889 and 1890, that he issued the results of his 
studies on the rivers and valleys of Pennsylvania and New Jersey, which 
are outstanding contributions, remarkable for their critical discussion of 
the influence of geologic structures on stream development. 

Of equal significance and interest were his papers on southern New 
England in which he further stresses the idea of the fluvial erosion cycle, 
which in its final results led to the peneplanation of extensive areas, a view 
in contrast to that of extensive plains formed by marine denudation, so 
strongly advocated by English geologists. While Davis does not claim 
to be the originator of the theory of baseleveling, nevertheless he is to be 
credited with having put the idea across, so that it has become widely 
accepted in all countries. This is due to the fact that he has carried 
his studies in addition into distant fields. 
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The cycle of*erosion theory was carried by him still further and applied 
to shoreline evolution and glacial erosion, and last of all to the evolution 
of caverns. 

Ilis paper on the “Geologic dates of the origin of certan topographic 
forms of the Atlantic slope of the United States” is a classic piece of 
work, the main principles of which still stand. 

While the work already referred to is especially representative of Davis’s 
original ideas, he made notable contributions to problems already pre- 
sented by others, of which mention may be made of the date of faulting 
of the Grand Canyon region, the study of fault-block mountains, and the 
origin of atolls, as well as many others. 

Professor Davis’s writings may be said to have organized a new branch 
of geology—geomorphology. To quote from D. W. Johnson, “Although 
a number of well-known scientists had given attention to the visible 
inanifestations of geologic processes, it was Davis who codified the work 
of these masters into a definite science, unified and vivified by a wholly 
new conception—the orderly evolution of land forms through systematic 
stages of development.” 

As a teacher Davis was no less successful than as an investigator, for 
his clear-cut and convincing method of presentation and his critical analy- 
sis had a most pronounced influence on his pupils and hearers whether 
in the classroom or in the field. 

The high esteem in which Professor Davis is held the world over is 
shown by the numerous honors that have been bestowed upon him. He 
has been honored by election to the Presidency of the Geological Society 
of America, and has been the recipient of four doctor’s degrees conferred 
on him by foreign institutions. He is the holder of seven medals 
awarded for distinguished service in geologic and geographic fields. He 
has also served twice as foreign exchange professor. 

His record therefore as a scientist, investigator and teacher, as well as 
the inspiration and influence which he has exerted in many directions, 
over a long period of time, make him justly entitled to the honor recom- 
mended by the Committee on Penrose Medal Award. 


RESPONSE BY PROFESSOR DAVIS 


Mr. President, members of the Geological Society of America, and friends: 

You must all understand that when Secretary Berkey informed me a 
month ago that the Penrose Medal was to be awarded to me this year, 
the announcement gave me, except for its incredibility, great satisfaction ; 
but none of you can imagine the intensity of the gratification which is 
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now aroused by the actual receipt of the beautiful medal itself from the 
hands of Professor Ries and in the presence of my friendly colleagues 
here gathered. This medal is the kind of reward that I wish my father 
and mother could have lived to see given to their son, as it was with 
their support and encouragement that he set forth on the road he has so 
long followed. I wish, too, that my old teachers could be here so that I 
might testify to them also my gratitude for the instruction they gave 
and for the opportunity they opened to me: Whitney, whose erudition 
in geology and mastery of languages I so greatly admired, and Shaler, 
whose originality and versatility were so inspiring and whose insistence 
on field work was so indispensable. Thinking of my parents and my teach- 
ers with the medal in my hands makes me feel very like a small child 
who, surprised on receiving an unexpected gift, runs to his elders, dis- 
playing it and crying: “See what I have got!” for if anything could 
add to my high appreciation of this great distinction, it would be to share 
the joy of it with those who started me on the long path—a path which 
has led me over many mountains and plains and which rises in this meet- 
ing to its loftiest ascent. 

But bound up with gratification is another feeling, a bewilderment, 
almost a consternation. Has the Committee . . .? Did its members 
not perhaps .. .? This aspect of the award, however, I will not pursue. 
Let me, instead, add Dick Penrose, for so we used to call him, to the list 
of those who I wish might be here tonight. He was one of our most 
zealous students of nearly 50 years ago, and he was the first to take a 
Ph. D. in geology at Harvard. His thesis was on phosphate deposits. 
A nongeological friend of mine, happening to see the thesis, remarked: 
“That’s what Ph. D. means, is it? Phosphate Deposits!” You may all 
know that Penrose laid the foundation of his great fortune at Cripple 
Creek, but few of you can know how broadly and deeply learned he be- 
came on the occurrence of ore deposits in general, for he visited all the 
important mining districts of the world in his mature years, inspected 
them with his ripened technical eyesight and insight, and gathered an 
immense volume of notes upon them. Would that he could have lived 
to bring out, in the first volume of a series of important memoirs which 
I hope we shall soon begin to publish with the aid of his fund, the larger 
generalizations and conclusions of his widely extended investigations, for 
such a volume would have set a high standard for us to try to maintain. 

May I add another reminiscence; this time about Raphael Pumpelly 
who, with Whitney and Shaler, was also one of my teachers, and who, some 


years later, gave me an opportunity for field work in Montana which | 
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saved my university life. That was in 1883, when I was making at Har- 
vard my fourth annual effort to teach physical geography, a subject in 
which I had no adequate preparation. My unsuccess was so pronounced 
that President Eliot sent me in the spring of that year a very discouraging 
note, advising me to look elsewhere for future work as Harvard offered 
small chance of promotion. It was that very summer that I found in the 
open country of eastern Montana, not a young plain, as I had supposed 
it to be, but an old plain, worn down to low relief thousands of feet below 
its initial surface; and so, from that rather monotonous region, came the 
concept of the peneplain and the fruitful idea of the cycle of erosion. 
My teaching thereupon gained new life and instead of having to look 
elsewhere for promotion, I soon got it where I was. 

Do you remember the old fable of the two giants, Hercules and 
Antaeus, who fought together? It soon appeared that every time Antaeus 
was thrown to his Mother Earth, his strength was doubled; so Hercules 
could overcome him only by strangling him in the air. I don’t wish to 
compare myself with any giant, but it has often occurred to me that the 
best way for a struggling geologist to avoid being overcome by any giant 
of theory, is by returning to his Mother Earth to double and redouble his 
strength. With that object I have visited all the continents except Antarc- 
tica, and the chief thing I have thus learned is that geology, although 
absolutely dependent upon frequent returns to Mother Earth for its 
growth, is made up much more of theoretical inferences than of observable 
facts; the proportion of the two being perhaps 95 to 5 or even 98 to 2. 
For that reason the old maxim, “go and see,” should be replaced by the 
newer one, “see and think”; and in our teaching of geology, while we 
should never lessen the emphasis given to observation as fundamental, we 
should increase the training of our students in the method of making 
safe inferences; or as Gilbert, master of our science, said: “We should 
teach more of the philosophy and less of the content of geology.” 

Now that you have rewarded my work so generously, I should perhaps 
stop roaming about and theorizing, so as not to run the risk of disappoint- 
ing you by making some more mistakes, for, like all geologists, I have 
made my share of them. But the trouble is this; field work is a sort of 
habit with me, and my friends in California, where I am now going, are 
delightfully liberal in running me about in their cars, as I have no car 
of my own. One of them, with whom I have seen much of the California 
coast, wants to show me more of it; another offers to drive me up to an 
undescribed Louderback; that is, to the lava-covered back slope of a 
Basin Range; a third wishes to show me a marvelous fault-scarp near 
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Death Valley; and with these opportunities open before me, how can I 
turn away from them, even if they do run me into the risk of disappoint- 
ing you by continuing my fallible work! Let me beg you, therefore, 
to be lenient; for the chance of doing more field work in California is 
a temptation I can not resist; but let me at the same time assure you 
all that I shall not forget the responsibility which the Penrose medal 
places upon me of doing always the very best I can. 


AFTER-DINNER PROGRAM 


President Lane then introduced Carroll H. Wegemann, who, acting 
as toastmaster, introduced the following persons: Reginald A. Daly, 
incoming President of the Geological Society of America; W. E. Wrather, 
newly elected Vice-President of the Geological Society; R. S. Bassler, 
A. N. Winchell, B. S. Butler, incoming presidents respectively of the 
Paleontological Society, the Mineralogical Society of America, and the 
Society of Economic Geologists; and also Lovie P. Garrett, President of 
the American Association of Petroleum Geologists. 

A special entertainment by Oklahoma Indians was then presented under 
the direction of Mr. Joe Chambers of Tulsa, consisting of an address of 
welcome in the Cherokee tongue, and musical numbers by Mrs. Josephine 
Bruner Battiste and by the Catfish Band, under the leadership of Jimmie 
Wilson. The very unusual program, furnishing a much needed relief 
from the strain of the long sessions of the day, was greatly enjoyed by 
everyone. 


Session or Trturspay Morning, DeceMBER 31 


The meeting was called to order by President Lane at 10 o'clock, in the 
Crystal Ballroom of the Mayo Hotel, and proceeded immediately to the 
reading of scientific papers. 


TITLES AND ABSTRACTS OF PAPERS 
RECENT WORK OF THE UNITED STATES GEOLOGICAL SURVEY IN COLORADO 
BY B. 8S. BUTLER 
(Abstract) 


Colorado was fortunate in having a geological map early in the development 
of the State. The Hayden map published in 1877 has been of great value to 
the State. The State map was revised by the Colorado State Geological Survey 
in 1913 and this map has likewise been of great value to the State. The present 
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Cooperative Survey by the State of Colorado and the United States Geological 
Survey was begun in 1926 and the present map represents the results of this 
work and the bringing together of the available geological data from other 
sources. We are indebted to the Colorado State Geological Survey and numer- 
ous companies and individuals for much geological data. 


NEW GEOLOGIC MAP OF COLORADO 


BY T. 8S. LOVERING AND W. S. BURBANK 
(Abstract) 


The United States Geological Survey is preparing a geologic map of Colorado 
on a scale of 1: 500,000, and the manuscript map will be exhibited for criticism 
and suggestion. In addition to compiling all known reliable published geologic 
maps, much unpublished material has been used. Some of the more important 
changes from the former State map are: the revision of the geology of the 
eastern part of the State, largely on data from oil companies and the Colorado 
Geological Survey ; much detailed geology in central, northwestern, and south- 
western Colorado from the unpublished manuscripts of the United States 
Geological Survey; the use of five cartographic units in pre-Cambrian areas; 
the separation of the Eocene intrusive and volcanic rocks from those of later 
date; and the addition of all known important faults. This last feature pre- 
sents much new structural information on zones of thrust faulting. The 
probable accuracy of the geology is indicated by the conventions used for the 
boundaries of the formations. Attention will be called to the areas where 
the new geologic map is still inadequate and a request will be made for addi- 
tional data if any are available. 


Presented by the junior author. 


STRATIGRAPHIC RESULTS OF COOPERATIVE WORK IN COLORADO 
BY J. HARLAN JOHNSON{ 
(Abstract) 


Several important results can be mentioned as arising from the work in 
Central Colorado: 1. Definite Devonian beds have been found to be widespread. 
2. Importance of erosion intervals have been determined which cause uncon- 
formities within the Paleozoic succession and account for frequent and rapid 
variations in the thickness of beds. These erosion intervals took place (a) 
in the early Cambrian, (b) in the later Ordovician, (c) at the end of the 
Silurian and Devonian, and (d) during the latter half of the Mississippian and 
earliest Pennsylvanian. 38. Fossiliferous layers have been discovered within 
the Permian and Pennsylvanian ‘red beds” and will supply material for draw- 
ing the Pennsylvanian-Permian boundary and for correlating zones within the 
series. 4. Many paleo-geographical data have been obtained, especially with 
regard to a “Front Range Island” or land area. 5. The recognition and par- 
tial delimitation of Triassic and Jurassic sediments have been established. 


t Introduced by B. 8S. Butler. 
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In the San Juan region the old Ouray limestone has been divided into Devo- 
nian and Mississippian components, the name Ouray being restricted to the 
Devonian and Leadville limestone being applied to the Mississippian part; and 
the Mesozoic rocks between the Dolores and Dakota (?) sandstones have 
been subdivided into smaller units, which have been named so far as possi- 
ble to conform to equivalent units in Utah and other parts of Colorado. 


PROBLEMS OF STRUCTURE AND STRATIGRAPHY IN THE SANGRE DE CRISTO 
RANGE, COLORADO 


BY W. S. BURBANK AND E. N. GODDARD * 


(Abstract) 


The Sangre de Cristo range is composed of several superimposed and sec- 
ondarily folded thrust sheets, which in part are derived from the faulting of 
large recumbent folds. 

In Huerfano Park the overthrust sheets comprise two units: the lower in- 
cludes parts of a recumbent fold of Carboniferous and Cretaceous formations 
thrust eastward upon Upper Cretaceous shale; the upper is a secondarily 
folded thrust sheet composed chiefly of Carboniferous strata. Secondary fold- 
ing of the upper sheet preceded the development of the lower. Between the 
front faults and the crest of the range, parts of the Carboniferous strata are 
repeated by steep thrust faults. The crest and western slope near Madenos 
Pass consist of a simple syncline of Permian conglomerate, which in part rests 
directly upon pre-Cambrian granite. 

In the northern part of the range easterly dipping Paleozoic formations con- 
stitute nearly the entire western slope, and steepen fanwise near the crest. 
Narrow zones of Carboniferous beds near prominent faults have been converted 
into hornblende and mica schists, partly through. the agency of monzonitic 
intrusions. 

Structure on the western slope suggests slight underthrusting and that along 
the east front overthrusting. 

Stratigraphic changes in successive fault sheets indicate an unconformable 
overlap of the Permian conglomerates upon the marine Carboniferous beds. 

Careful studies based upon the combined application of paleontologic, litho- 
logic, and structural principles are necessary before more exact conclusions 
regarding the structure of the range can be reached. 


TREASURY MOUNTAIN DOME, GUNNISON COUNTY, COLORADO 
BY JOHN W. VANDERWILT* 


(Abstract) 


Treasury Mountain is a topographic as well as a structural dome, the 
limits of the structure, however, extend beyond the limits of the mountain. 


*Introduced by B. S. Butler. 
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The dome is of interest because it resembles a laccolith in size as well as 
form, although it is formed by a plutonic intrusion. The dome is probably a 
cupola of a batholith. The structure is elliptical in outline and about five by 
eight miles in size with the major axis 50 to 60 degrees west of north. The dips 
of the sediments on its flanks are between 15 and 30 degrees. The Cambrian 
quartzite forms a continuous roof across the top of the structure but erosion 
has cut through the granite core on the sides of the dome. Paleozoic and 
Cretaceous formations are involved in the uplift. 

The plutonic nature of the intrusion is indicated by: (1) the presence of 
a holocrystalline granite core, (2) numerous pegmatites in the granite, and 
(3) extensive metamorphism of the sedimentary formations. The granite 
is a coarse pink orthoclase-biotite rock outcropping over an area of about 
one square mile. 

The granite in Treasury Mountain is the only post-Cretaceous granite 
known in the area in which there are numerous diorite or monzonite stocks 
and laccoliths within a radius of 15 miles. 


PHYSIOGRAPHIC HISTORY OF THE UPFER ARKANSAS AND EAGLE RIVERS, 
COLORADO 


BY CHAS. H. BEHRE, JR.* 
(Abstract) 


Along the Arkansas River, “high terraces” and “low terraces” are each 
divisible into two groups. The uppermost passes into rock-floored shoulders 
of the Mosquito and Sawatch Ranges. It is not definitely assignable to glacial 
outwash. The next lower is locally covered by late moraines, and is attributed 
to outwash from early glaciers. The third is clearly the outwash from late 
glaciers, and the lowest is outwash related to late recessional moraines, 

Below Granite all of these terraces become rock-floored, heavily dissected, 
and less distinct. Their upstream alluvial facies are in part assignable to 
ponding of the Arkansas by large glaciers from tributary valleys, and to the 
cutting of the gorge at Granite. Alluvial terraces flanking the Arkansas from 
Buena Vista south are still later. 

In the Eagle Valley there was little deposition during the two early alluvial 
stages. 

The best-marked stage of pre-glacial topography is recorded by isolated flats 
at an altitude of about 12,000 feet. 

Physiographic development, briefly summarized, consisted of: (1) uplift fol- 
lowed by mature dissection; (2) uplift with rejuvenation and rapid erosion 
(Terrace No. 1); (8) glaciation with ontwash (Terrace No. 2); (4) inter- 
glacial erosion; (5) renewed. glaciation with outwash (Terrace No. 3); (6) 
retreatal stage with outwash (Terrace No. 4) ; (7) post-glacial erosion. Stage 
1 may represent the montane equivalent of Rocky Mountain or South Park 
peneplanation. The earlier Flattop peneplain of northern Colorado may be 
represented by the accordant high summits of the Sawatch and Mosquito Ranges. 


*Presented by permission of the Director of the United States Geological Survey. 
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GRANITES OF THE FRONT RANGE 
BY MARGARET FULLER BOOS AND C. MAYNARD BOOS 
(Abstract) 


A preliminary report on studies of the granites of the Front Range covers the 
area from the Pikes Peak region nerthward into Wyoming. Many separate 
granites have been described, mapped and their petrographic relationships de- 
fined within limited areas by earlier investigators. The present studies aim 
to: 1. Outline the general boundaries of the chief granites. 2. Establish age re- 
lationships. 3. Determine petrographic relationships among the granites. 

The problems are approached from three angles of investigation: 1. Field 
mapping of boundaries not already established. 2. Petrographic studies of 
thin sections. 8. Determination and comparison of heavy mineral contents. 


Presented by Mrs. Boos. 


CONTRIBUTION OF THE CENOZOIC HISTORY OF THE FRONT RANGE, 
COLORADO 


BY F. M. VAN TUYL AND T. 8S. LOVERING 
(Abstract) 


A résumé of previous studies on the physiography of the Front Range is 
presented. Some factors which the writers believe have been given too little 
consideration in the past include: 1. The effect of the Laramie folding on the 
attitude of pre-Tertiary peneplains; 2. the effect of uncovering pre-Tertiary 
peneplains during Tertiary erosion cycles; 3. differential erosion of the pre- 
Cambrian crystalline rocks and the bordering Paleozoic and Mesozoic sedi- 
ments; 4. the eastward convergence and intersection of the Front Range 
erosion surfaces and their relation to Tertiary sedimentary deposits; 5. the 
relation of the physiographic history of the Foothills to that of the crystalline 
rocks. 

A consideration of the first two factors leads the writers to conclude that 
at some localities surfaces correlated with the Flattop and Rocky Mountain 
peneplains are exhumed and slightly modified peneplains of much earlier age. 

Evidence of at least two undescribed erosion surfaces has been found, and 
additional information bearing on the ages of most of the known erosion 
surfaces has been obtained, as well as quantitative data on the movements 
that have affected them. Of the better known surfaces, the Flattop is referred 
to early Eocene, the Medicine Bow to late Eocene, and the Rocky Mountain 
peneplain to Oligocene or early Miocene. 

The evidence suggests that the two greatest of the Front Range uplifts 
occurred in early and late Eocene time. These were separated by a period of 
peneplanation and followed by periodic uplifts of more regional character 


but of less local importance. 


Presented by Professor Van Tuyl. 
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CROSS-LAMINATION IN CASPER AND TENSLEEP SANDSTONE 
BY S. H. KNIGHT 
(Abstract) 


A characteristic feature of the sandstones in the Casper and Tensleep forma- 
tious (Pennsylvanian) in Wyoming is a type of cross-lamination, which, be- 
cause of the festoon-like pattern which it makes on certain vertical rock faces, 
is called festoon cross-lamination. This structure is found throughout the full 
thicknesses of all the sandstone beds in the formations over an area of several 
thousand square miles. 

The festoon pattern seen on many vertical rock faces and the distinctive 
overlapping shingle pattern seen on horizontal rock faces is the result of repe- 
tition of a process consisting of (1) erosion of plunging troughs and (2) filling 
of the troughs by thin concave lamin conforming, in general, to the shapes of 
trough floors. The erosion troughs vary in size. The smallest ones are five to 
ten feet wide, twenty-five to fifty feet long and one foot to three feet deep. 
The largest are five hundred feet to one thousand feet wide, several times as 
long and at least a hundred feet deep. 

It is believed that this structure is of marine rather than eolian origin. 


Brief remarks were made by Eliot Blackwelder. 
NEW GEOLOGIC MAP OF MAINE 
BY ARTHUR KEITH 


(Abstract) 


The geology of Maine as a whole has remained practically unknown until 
the present time, in spite of the fact that study of it was begun nearly a cen- 
tury ago. Several major difficulties have caused this result; first is the om- 
nipresent cover of glacial drift which leaves exposed less than 1 per cent of 
the bedrock ; second, the enormous tracts of lake and swamp; third, the dense 
forest cover which over half the State has remained in private hands; finally, 
the huge areas of slate and phyllite standing on edge for many thousands of 
square miles, 

The map shows the sedimentary rocks divided into pre-Cambrian, Cambrian- 
Ordovician, Silurian, Devonian, and Mississippian. The igneous rocks are 
divided into pre-Cambrian granite, Silurian metadiabase, Devonian granite, 
rhyolite, diabase, trachyte, and tuff, and Carboniferous granite. 

These rocks are distributed so as to form a general belt of pre-Cambrian 
gneiss cut by late Paleozoic granites near the coast, and a central belt of 
similar granites cutting the Silurian and Devonian and dividing the State nearly 
in half. These two granite belts tend to coalesce at the southwest. Around 
the northeast end of the central granite belt are distributed many separated 
bodies of Paleozoic effusive igneous rocks, forming the most interesting and 
varied exhibition of the sort in the eastern United States. 

Sedimentary rocks cover most of the State and are intensely deformed, 
mainly in closed vertical folds. Devonian rocks appear in two main central 
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belts closely overlapping one another and almost crossing the State. At the 
northeast the synclinoria deepen, the Devonian areas widen, and small out- 
liers appear of the Mississippian rocks that are so common just across the 
border in New Brunswick. 


NEW MUSEUM METHODS FOR TEACHING GEOLOGY 
BY CAREY CRONEIS 


(Abstract) 


Preliminary plans for the Department of Geology and Mineral Industries 
at the Chicago Museum of Science and Industry are briefly outlined. The 
sequence of 26 rooms and 72,000 square feet of floor space will comprise 
the greatest American exhibition of geology and mineral industries, and 
their influence upon man and his activities. But of equal or greater interest 
are the novel and dynamic methods of demonstrating the work of the 
wind, ground-water action, sedimentation, erosion, volcanism, earthquake 
phenomena, mountain building, ore deposition, mining and metallurgical 
methods, etcetera, all of which are briefly described. Exhibits already com- 
pleted, including an improved pressure box, the first deformable stream table, 
and the development of mining in the Harz Mountains, are illustrated. Criti- 
cism is especially invited. 


MOTION PICTURES OF GEOLOGIC EVENTS 
BY ERNST CLOOS* 


(Abstract) 


A new type of structural experiments, introduced by Hans Cloos in Bonn, 
is now continued by the author at The Johns Hopkins University. 

Wet clay affords a very favorable material because of its strength as com- 
pared with the strength of rocks of the earth crust. If we reduce the scale of 
our geologic features to the size of an experimenting table, we have to reduce 
the strength of the material accordingly. 

Clay breaks and flows when moved. Tension, compression, shear-joints, 
faults, thrusts, folds and many other features are obtained in the laboratory ; 
their mutual relations are studied. Observed age relations of joint systems, 
shear zones, fracture cleavage and feather joints are found to throw light on 
the interpretation of natural conditions. 

A motion picture, taken by J. L. Anderson, enables us to follow the de- 
formation of a limited part of the earth crust and to visualize the genesis of 
structural features in statu nascendi. 


*Introduced by Edward B. Mathews. 
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WEGENER’S THEORY OF CONTINENTAL DRIFTING: A CRITIQUE OF SOME OF 
HIS VIEWS 


BY FRANK BURSLEY TAYLOR Y 
(Abstract) 


The work of Suess and a few others, including that of the author, antedat- 
ing the work of Wegener, are briefly described. Wegener’s work, beginning 
with his lectures in Frankfort-on-Main and Marburg in January, 1912, followed 
by the three editions of his book “Die Entstehung der Kontenente und 
Ozeane,” 1915, 1919 and 1922, followed by Skerl’s excellent English translation 
in 1924, are also briefly described. 

The theory of continental drift has been commonly referred to as the Taylor- 
Wegener Hypothesis. Since the views of the two authors differ in several 
respects, and the first-named author’s paper preceded the earliest of Wegener’s 
published work, it seems best to discontinue the hyphenated relation. 

The global character of the Late Cretaceous-to-present diastrophism as seen 
from the author’s viewpoint is illustrated here by a homely simile. 

The author conceives the crust of the earth resting on a viscous but not 
fluid basal layer, and the deforming force pulling it toward the equator in all 
of the area around the North Pole. Movement from the pole toward the equator 
would be impossible without splitting of the crust along at least one meridian 
to enable the crust near the pole to adjust itself to a larger space. Splitting 
resulted on the middle line of the Atlantic Ocean and pulled the crust away 
in diverging directions, North America toward the southwest, Europe toward 
the southeast. The rift divided at the southern end of Greenland. Greenland 
is believed to have stuck fast while the crust around it moved. The influence 
of the mid-Atlantic rift seems to account for the Tertiary mountains taking 
a course southeast and south from Alaska to Antarctica. Africa also re- 
mained unmoved and compelled the Tertiary mountains to form in southern 
Europe under abnormal conditions. There was no tendency for them to 
develop westward across the basin of the Atlantic. 


Read by title in the absence of the author. 


PRELIMINARY REPORT ON THE STRUCTURE OF THE SAWATCH RANGE, 
COLORADO 


BY J. T. STARK AND F, F. BARNES* 
(Abstract) 


A study of the pre-Cambrian of the Sawatch Range in Colorado is being 
sponsored by Northwestern University. The first summer’s work has demon- 
strated the dominantly sedimentary character of the schists composing the 
core of the range, and their struture has been largely mapped. 

Quartzite, crystalline limestone, silicified dolomite and marble occur in con- 
siderable thicknesses in the region around Homestake Peak. These grade into 


*Introduced by C. H. Behre, Jr. 
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sillimanite, biotite, garnet and quartz schists, and similar lenses are common 
throughout the range. 

The dominant pre-Cambrian structure trends north 60 degrees east nearly at 
right angles to the range trend, and consists of a series of closely compressed, 
overturned, isoclinal folds with axial planes dipping steeply northwest. In the 
south the pitch is northeast, changing gradually to southwest in the region 
between Homestake Peak and the Mount of the Holy Cross. The schists 
have generally been intruded by pegmatitic lit-par-lit stringers and _ sills 
ranging from paper thinness to thicknesses of 50 feet. These and the host 
rock show numerous drag-folds, the key to the regional structures, 

Two periods of pre-Cambrian intrusions are recognized, related apparently 
to the older Pikes Peak and the later Silver Plume batholiths. Lamprophyres 
of complementary nature are contemporaneous with the late pegmatites. The 
much later Mount Princeton quartz monzonite batholith near Buena Vista 
was intruded into the pre-Cambrian formations in Tertiary time, and stocks, 
sills and dikes, similar in composition, and acid flows probably belong to the 
same period of Tertiary vulcanism. 


At this point, 1 p. m., the session adjourned for luncheon. 


SEssION oF THURSDAY AFTERNOON 


The afternoon session was opened at 2 o’clock, in the Crystal Ballroom, 
with Vice-President Henry B. Kummel in the Chair, and G. M. Kay act- 


ing as Secretary. 
TITLES AND ABSTRACTS OF PAPERS 


RECONNAISSANCE STUDIES IN THE SIERRA DE JIMULCO, MEXICO 
BY LEWIS B. KELLUM 
(Abstract) 


Situated in the southwest corner of the State of Coahuila, the Sierra de 
Jimuleco is a range of the Rocky Mountain Cordillera. It is formed chiefly of 
Middle Cretaceous limestones, with Jurassic shales and sandstones exposed in 
some of the great canyons cutting through the uplift. Upper Cretaceous shales, 
chalks, sandstones, and limestones are exposed along the south side. Great 
quantities of late Cretaceous or early Tertiary boulder conglomerates overlie 
the shales in most places and are folded with the underlying formations. 

The structure is a series of sinuous, arcuate folds which trend in a general 
east-west direction. Their axial plane is usually inclined to the south and in 
places their north flank is strongly overturned. The anticlines are continued 
to the east in the Sierra de Parras and to the west in Sierra de Hispafia. 

Broad alluvium-covered plains which surround and penetrate the mountain 
area are the ancient valleys of antecedent streams now filled with debris. The 
present mountains are the exposed summits of a far loftier range now buried 
in its own debris. Climatic change during the Tertiary and Quaternary from 
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a period of heavy rainfall and active stream erosion to one of semiaridity with 
sudden cloudbursts and long dry spells is believed to explain the physiography 
of the region. 


SOME ASPECTS OF THE UNITED STATES GEOLOGICAL SURVEY’S RECENT 
INVESTIGATIONS ALONG THE ALASKA RAILROAD 


BY G. A. WARING 
(Abstract) 


A notable project of the Geological Survey in Alaska during the summer of 
1931 consisted of investigations in the area tributary to the Alaska Railroad, 
to ascertain the potential resources available as possible sources of freight 
revenue to the railroad. Eight parties were occupied on the studies of gold 
mines and prospects in the Valdez Creek, Willow Creek, Fairbanks, Girdwood 
and Moose Pass districts; on the gold, silver-lead, zine and copper prospects 
in the Kantishna and Copper Mountain districts, and the coal deposits of the 
Anthracite Ridge district. The special purpose of this work was to obtain 
quantitative figures on the workable amounts of the various minerals; and it 
appears that the region does hold promise of producing considerable additional 
amounts, especially of gold and coal. 


PRELIMINARY REPORT ON RECESSION OF CERTAIN ALASKAN GLACIERS 
BY CHESTER K. WENTWORTH AND LOUIS L. RAY 
(Abstract) 


During the summer of 1931 observations were made on Mendenhall, Herbert, 
Taku, and Norris Glaciers near Juneau; on Spencer, Bartlett, and Traii 
Glaciers north of Seward; on Valdez Glacier at Valdez; and on Sherman, 
Sheridan, Childs, Miles, Grinnell, and Allen (Baird) Glaciers northwest of 
Cordova. In addition to the study of coarse debris and processes of abrasion, 
the positions of the frontal margins of the various glaciers were recorded 
phototopographically. 

With the single exception of Taku, the only tidal glacier in the group, these 
glaciers have all receded markedly within the one or two decades just past, 
the amount of recession in most instances being at least some tens of feet 
per annum. A central tongue of Taku Glacier has advanced at least several 
hundred feet in the past five years and appears to have advanced a much 
larger amount in the past twenty-five years. Maps and more specific data 
will be presented in a subsequent paper. 


Presented by Mr. Ray. 


GEOLOGIC WORK OF ICE JAMS IN ARCTIC RIVERS 
BY CHESTER K. WENTWORTH 
(Abstract) 


At the time of the breakup in the spring, thick ice of arctic rivers exerts 
for periods of a few hours or less, bank-eroding and cobble-abrading action, 
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comparable locally to that of glaciers. Minor topographic results persist from 
season to season, though cumulative geomorphic effects are probably very 
slight. Most persistent are the effects produced on cobbles and boulders. 
Characteristically gouged and striated roundstones are produced in large quan- 
tities and this process appears competent to explain the large numbers of 
striated cobbles found in extra-glacial southern states. An attempt is made 
to analyse and classify the more evanescent as well as more persistent fea- 
tures produced by arctic ice jams, and to call attention to the local intensity 
and importance of the process in relation to its probable wider occurrence 
in past geologic time. 


Brief remarks were made by W. J. Miller. 


ELIMINATION OF THE PEORIAN INTERGLACIAL EPOCH FROM THE NORTH 
AMERICAN PLEISTOCENE CLASSIFICATION 


BY MORRIS M. LEIGHTON 
(Abstract) 


Last year the writer presented a paper before the Geological Society on 
“Peorian Loess and the Classification of the Drift Sheets of the Mississippi 
Valley.” It was shown that Peorian time was brief, that weathering of an 
interglacial order did not take place, that it was primarily one of rapid 
loess accumulation, and that the lowan glaciation was therefore the first of 
the Wisconsin series of glaciations. Further evidences obtained during the 
current year will be cited confirming these conclusions. The relative impor- 
tance of the Peorian and early Wisconsin loesses will be brought out, the 
sources of supply and the character of the climate will be dealt with, and the 
subdivisions of the Wisconsin, involving the Iowan, will be further discussed. 


Brief remarks were made by G. F. Kay and A. Lugn. 


NEW CRITERIA APPLIED TO THE GLACIAL GEOLOGY OF SOUTHEASTERN 
MASSACHUSETTS 


BY KIRK BRYAN 
(Abstract) 


Weathering, wind-worn stones, and intense frost heaving are characteristic 
of many localities of southeastern Massachusetts, but such phenomena are rare 
or unknown north and west of Boston. A surface layer, two to four feet thick, 
limonitic and pulverent by reason of weathering, containing wind-worn stones 
from top to bottom, all of the stones weathered since the wind work, records a 
long interval of time. The presence of such a layer is evidence that the surface 
was not overrun by the last glacial advance. The distribution of wind-worn 
stone in this layer and the presence of large boulders at the surface testify to 
intense frost action such as could occur only in the periglacial climate during 
an ice advance. Marthas Vineyard, parts of Cape Cod and of the mainland of 
Massachusetts were, on this evidence, free of ice in the late Wisconsin and 
perhaps even through the whole of Wisconsin time. 


Brief remarks were made by Mr. L. D. Burling. 
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PLEISTOCENE ICE STAGNATION IN THE VALLEYS OF WESTERN VERMONT 
BY FREDERICK A. BURT 
(Abstract) 


The lower parts of the valleys between the Green Mountain and Taconic 
Ranges were not subject to active ice erosion either during the time of occu- 
pancy or the melting of the Wisconsin glacier but were occupied by sluggish 
tongues of ice over which the upper ice flowed. Evidence for this is found in 
the infrequency of ice-erosion features, the presence of extensive, unconsoli- 
dated Miocene deposits, and the occurrence of pre-Wisconsin talus under the 
edges of the drift. 

The erratic drift of the valley bottoms was brought in by the upper levels 
of the glacier and subsequently let down for deposition by the lower stagnant 
layers at the end of the epoch. 


LATE PALEOZOIC GLACIATION OF SOUTHERN BRAZIL 
BY CHESTER W. WASHBURNE 


(Abstract) 


The discovery by Annibal Bastos of the Australian marine Edmondia fauna 
in the glacial formation of Parana places the latter in the Upper Carboniferous 
or earliest Permian. The Brazilian glaciation represents only one, probably 
the middle, of the three late Paleozoic glacial periods of Australia, showing 
no trace of the two long interglacial periods of Australia. In the state of Sio 
Paulo there were at least five advances and retreats of the ice, which moved 
northwestward, probably only a short distance beyond the present outcrops of 
the tillites. The ice did not connect with the Bolivian glaciers, which moved 
probably eastward, as certainly did those of Lago San Martin, in the Argentine 
Andes, probably in a later Permian time. The earlier and stronger glaciers 
of southern Brazil developed two main lobes, one of which swept away the 
Devonian sediments of central Sio Paulo, as did the other in southern Parand 
and Santa Catharina, digging into the underlying metamorphics. Elsewhere 
the glaciers moved over soft sands and clays without eroding or disturbing 
them. Gravel trains were not formed in front of some of these glaciers, being 
replaced by ‘“‘false-tillites,” like the Muree Rock of New South Wales, deposited 
in front of glaciers that entered quiet water. Between the tillites is an 
unusually great development of varve clays, counting at least some hundreds 
of thousands of years. 


GEOLOGICAL CRITERIA IN COAL CLASSIFICATION 
BY GILBERT H. CADY 
(Abstract) 


Geological criteria have only a limited use in existing classifications of coal. 
The coalification process is generally regarded as a geological process and the 
different ranks of coal are recognized and arranged with respect to successive 
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stages in this process; different types of coal, such as humic, canneloid, algal 
and splint, likewise correspond in a general way with the nature of the original 
constituents. Aside from these considerations coal is classified with very 
little consideration to geological criteria such as might indicate the stage of 
coalification, the lithological constitution or the character of the immediate 
chemical constituents of the coal. As a basis for determining the stage of 
coalification as determined by the progress of metamorphism, physical criteria, 
such as degree of compactness, extent and nature of jointing, degree of fissility, 
specific gravity and relative hardness, offer possibilities of usefulness for dif- 
ferentiation. The fact that coal is commonly composed of a variety of litho- 
logic components is commonly disregarded, but the extent to which humic, 
attrital canneloid, algal, splint and possibly other components are present 
in coal should be considered. Coalification is probably effected by changes 
in the immediate components of coal. These are geological changes which 
it may be possible to correlate with definite stages in the coalification process. 
Finally it is possible that geological age should be given more consideration 
than has been the case in the past as a basis for differentiation. 


Read by title in the absence of the author. 


INTRUSIVE POWER OF ANORTHOSITE 
BY WILLIAM J. MILLER 
(Abstract) 


According to the theory of the origin of anorthosite advocated by N. L. 
Bowen, anorthosite never existed as such in the form of true magma and 
could not send dikes into the country rock. Much evidence to the contrary 
has been found by the writer during his investigation of the anorthosite of 
Los Angeles County, California. Thus, numerous dikes of practically pure 
plagioclase anorthosite, ranging in width from a fraction of an inch to 75 or 
100 feet and in length from a few inches to at least 100 feet, have been found. 
Some of these dikes cut the country rocks parallel with their foliation, while 
others sharply cross-cut the older structures. Lit-par-lit injection of country 
rock by almost pure anorthosite magma, producing banded gneisses, has 
occurred at some localities. An area of at least 15 square miles of almost 
pure plagioclase anorthosite contains a great many distinct inclusions of old 
banded gneiss and of old metadiorite ranging in size from less than a foot long 
to those which are large enough to be easily represented on an ordinary 
geologic map. In at least one locality there was observed an extensive intru- 
sive contact of pure white anorthosite against a hornblende-rich facies of the 
anorthosite with large and small inclusions of the latter in the former. 


At this point Vice-President Thomas L. Walker assumed the Chair, and 
Paul F. Kerr acted as secretary. 
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GEOLOGIC FACTORS THAT DETERMINE THE POSITIONS OF OIL FIELDS IN 
EAST TEXAS 


BY F, B. PLUMMER 
(Abstract) 


The geologic factors that determine the positions of oil pools in the Woodbine 
sand in east Texas are briefly summarized. The relative importance of the 
distribution of the source material, regional variations in porosity, regional 
variations in underground temperature, regional movement of underground 
waters, variations in chemical composition of underground waters, and 
positions of areas of differential pressures are evaluated. It is concluded 
that: 


1. Movement of oil and water in the sand sheet must have played a major 
part in the concentration of oil into pools. 

2. Accumulation of hydrocarbons took place in three stages: (a) minute 
colloidal particles of petroleum suspended in water moved downward 
through the pore spaces with underground water toward the lower 
part of the basin and moved farthest in the more porous parts of the 
sand sheet; (b) in deeper portions of the basin ‘‘cracking” of hydro- 
carbon molecules occurred and resulted in the formation of gas bubbles 
and of lighter oil; (c) the gas propelled the oil droplets to higher levels 
of less pressure and brought about accumulation into pools. 

3. Movement of the hydrocarbons is controlled (a) by the distribution and 
extent of regional porosity; (b) by the regional and local structure of 
the sand sheet; and (c) by the differential regional and local pressures 

* in the pore spaces. 

The application of these conclusions to explain the position of the pools in 

east Texas is pointed out by means of maps and diagrams. 


GEOLOGY OF THE MIAMI-PICHER ZINC-LEAD DISTRICT 
BY SAMUEL WEIDMAN 
(Abstract) 


The district is that part of the Tri-State region, located within northeastern 
Oklahoma. The ore contains about 85 per cent sphalerite and about 15 per 
cent galena. It is mainly in the Boone cherty limestone, forming the surface 
rock along the eastern margin of the district but underlying the Cherokee 
shale in the central and western part. 

The ore-bearing zone, 50 to 150 feet in thickness, is mainly in the upper part 
of the Boone and about 100 to 150 feet below the overlying shale. In the 
central part of the district there is an abrupt fold, the Miami syncline, and 
the ore-zone instead of following the depressed strata maintains approxi- 
mately the same level through the syncline, the ore extending up through the 
upper part of the Boone into the overlying Mayes limestone to the shale 
above. 
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Adjacent to the syncline pegmatitic granite projects up through the under- 
lving Paleozoic at a relatively shallow depth, about 800 to 1,000 feet below 
the ore-bearing zone. The granite is interpreted as a large dike and its intru- 
sion is believed to have formed the syncline. The richest mines of the Tri-State 
region are centered about the Miami syncline where deformation is greatest 
and where an underlying intrusive is indicated. 

Two periods of silicification may be recognized. The earlier is represented 
by the fragments of white chert in the ore-breccia; the later, associated with 
dolomitization and metalliferous deposition, is represented by the ore-bearing 
jasperoid forming the cement of the breccia. The earlier silicification is iuter- 
preted as post-Boone and pre-Mayes formed at or near surface but the later 
silicification, associated with dolomitization and ore deposition, is post- 
Cherokee, is deeper seated and is probably Mesozoic. The author favors the 
hydrothermal theory of origin of the ore. | 


Read by title in the absence of the author. 


INTRUSIVE RELATIONSHIP OF THE GRANITE TO THE RHYOLITE OF r 
SOUTHEASTERN MISSOURI 


BY W. A. TARR 
(Abstract) 


Evidence that the granites of southeastern Missouri were intrusive into the 
rhyolites (“porphyries”) was discovered by the writer in 1919. This evidence 
was opposed to the view of Haworth (who described the igneous rocks of 
southeastern Missouri in 1895), which has been accepted by the Missouri 
Bureau of Geology and Mines, namely, that the granites grade into the 
porphyries (rhyolites). Since 1919, a continuous search has revealed many R 
other localities where the contact between the granite and rhyolite is an 


intrusive contact, thus proving that the granites are later and not gradational ; 
as previously assumed. This is an important discovery as it changes, radi- io 
eally, the petrologic history of the pre-Cambrian igneous rocks of the south- a 
eastern Missouri area. Details of the intrusive relationship, and the localities, - 
will be given in the paper, as well as some preliminary remarks as to the it 
probable igneous history of the area. fo 

Brief remarks were made by N. H. Darton. sa 
BUCKSKIN GULCH STOCK, COLORADO fe 

BY QUENTIN D. SINGEWALD de 

(Abstract) 

The Buckskin Gulch stock, which is located four miles northwest of Alma, dis 
is one of a related group of occurrences of Tertiary (7) plutonic igneous are 
rocks in central Colorado, The exposed portion of the stock records the his- ers 
tory of the uppermost part of a large body of magma undergoing crystalliza- hyc 


tion during upward migration. Rocks belonging to the magmatic stage may be dey 
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divided into the following facies, which crystallized progressively in the order 
named: diorite, granodiorite, quartz monzonite, and quartz monzonite con- 
taining large orthoclases. The texture of the first three is essentially equi- 
granular, whereas that of the latter quartz monzonite is seriate porphyritic. 
Petrographic evidence proves that andesine, hornblende, and biotite erys- 
tallized early, and quartz and orthoclase late in all of the facies. Rocks 
belonging to the deuteric stage include aplite, pegmatite, and sub-pegmatite. 
These formed through the action of magma-residuum ascending from below. 
Hydrothermal alteration is slight except in certain localized areas. 

Field relations and petrographic evidence are interpreted to indicate that 
magma very slowly invaded and enlarged the portion of the stock which naw 
is exposed, so that it did not reach its present size until after the diorite, 
granodiorite, and quartz monzonite bad completely solidified. Throughout 
this period, a gradual change of the invading magma in composition, indicated 
by increasing percentages of enrichment in quartz and orthoclase, was the 
result of crystallization-differentiation at depth. The crystallization-differ- 
entiation at depth probably extended throughout a large batholith whose 
extensive sub-surface distribution was suggested in 1924 by Crawford. 


WEATHERING AND ALBITIZATION OF THE WISSAHICKON SCHIST AT THE 
PRETTYBOY DAM, MARYLAND 


BY JOSEPH T. SINGEWALD, JR. 
(Abstract) 


Some of the problems encountered in the preparation of the foundation for 
the Prettyboy Dam and the way in which they were solved are described. 
Results of a microscopic examination of the fresh and weathered rock are also 
presented. 

The dam is located on a highly foliated rock with nearly horizontal planes 
of foliation. Faulting has occurred along both planes of foliation and inter- 
secting joints. Breaking the rock by shooting opened sound rock along the 
planes of foliation. Large masses of loosened rock became dislocated so that 
it was impossible to keep the size of the excavation to the limits required 
for the dam. The problem was satisfactorily solved by substituting wire 
saws for blasting. 

At the west end of the dam site, on the hanging wall side of a fault, weath- 
ering extends to a depth of over 100 feet. These conditions were explored 
by Calyx drill holes three feet in diameter. They permitted the geologist to 
descend the holes and make a complete log of them, recording both the char- 
acter of the rock and the nature and direction of the faults. 

Microscopie examination of the weathered rock showed that it had suffered 
disintegration rather than decomposition. Chlorite, muscovite and even albite 
are as fresh as in the unaltered rock. But the contacts between the mineral 
grains and the cleavage planes of the mica are outlined by thin layers of iron 
hydroxide. Oxygenated waters destroyed the bond between the minerals and 
deposited limonite along their boundaries. 


; 


182 PROCEEDINGS OF THE TULSA MEETING 


The schist shows an unusually fine development of helicitic poikiloblasts of 
albite. The albite is formed by replacement, mainly of the micaceous minerals, 
after development of foliation. It is probable that all of its constituents 
were present in the original sediments. 


STRATIGRAPHIC NOMENCLATURE 
BY GEORGE H. ASHLEY 
(Abstract) 


The necessity for many stratigraphic names and the difficulty they present is 
first treated, Then study is made of the method of naming people. The appli- 
eation of similar principles to the naming of rock beds is considered and its 
advantages shown. Applying the principle, it is shown that the lithologic 
terms may be used as family names. In the “Coal Measures” a single geo- 
graphic name is often used loosely but clearly to designate many distinct beds, 

Applying the principle, it is proposed that the stratigraphic column in each 
major area of deposition be divided into a limited number of defined units to 
be called “groups,” and a single group name (“given’” name) applied to all beds 
in that unit. 

To distinguish the many variations of beds, additional local (‘middle’) 
names are applied in parenthesis. Thus it is shown that about 24 group names 
(“given” names) will take care of all of the Paleozoic rocks of the Appalachian 
region of sedimentation. These, with 25 lithologic names and only 100 “mid- 
dle” names giving 62,500 possible combinations, to take care of all the needs of 
the sedimentary rocks in that area. 


RELATION OF CALCIUM CARBONATE CONTENT OF SEDIMENTS TO SALINITY 
OF THE SURFACE WATER* 


BY PARKER D. TRASK 
(Abstract) 


Salinity is a major factor governing the deposition of calcium carbonate. 
A statistical study of 3,000 samples from all parts of the world shows that, 
temperature and depth being constant, the carbonate content of sediments 
becomes greater as the salinity of the surface water increases. This relation 
holds for both near-shore and pelagic deposits. Sediments accumulating in 
regions in which the surface salinity is less than 34 parts per mille, contain 
relatively little carbonate, and those in areas in which the salinity is greater 
than 35 parts per mille contain considerable carbonate. 

Temperature and depth also influence the deposition of calcium carbonate, but 
the influence of temperature and of depths of less than 1,500 fathoms is less 
than that of salinity. Depths greater than 2,000 fathoms, however, affect the 
carbonate content more than does salinity. Locally, bottom-living organisms 
and detrital particles of limestone dominate the deposition of carbonate; but 
over the world as a whole, they are of less importance than salinity. 


Brief remarks were made by R. M. Field. 


*Published by permission of the Acting Director of the U. S. Geological Survey. 
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SULPHATE REDUCTION IN DEEP SUB-SURFACE WATERS AND QUESTIONS 
RELATED THERETO 


BY ROY L. GINTER * 
(Abstract) 


The theories of sulphate reduction in oil well waters are reviewed. Field 
associations constitute the only support that inanimate organic matter is oxi- 
dized by the sulphate radicle at reasonably low temperatures. Some weight 
is given to the theory of a biochemical reduction of sulphates. A means of 
introducing bacteria to deep sub-surface horizons is suggested. The writer 
feels that biological investigations may prove of some practical value to the 
oil industry. 


INTERPRETATION OF THE ROUTES OF THE EARLIEST SPANISH AMERICAN 
EXPLORATIONS OF THE MEXICAN BORDER REGION OF THE UNITED 
STATES BY IDENTIFICATION OF THE GEOGRAPHIC AND PHYSIOGRAPHIO 
DATA MENTIONED IN THE NARRATIONS 


BY ROBERT T. HILL 
(Abstract) 


The narrations of Cabeza de Vaca describing his own travels (1528 to 1536) 
and that of Castenada, describing the ensuing expedition of Coronado (1540- 
1541) are fundamental data pertaining to the first discoveries and explorations 
of the continental United States, with accounts of their geography, geology, 
flora, and peoples. 

The first of these journeys and one from which all others sprang, was_ that 
of Cabeza de Vaca, a Spaniard who crossed and coasted the continent from 
Tampa, Florida, on the east side of the Gulf of Mexico, to Culiacan on the west 
side of the Gulf of California. This journey from a historical point of view 
was one of the most important of any ever made in America. Cabeza lived 
for six years on the Texas coast nearly a century before the settlement of 
Massachusetts or Virginia. His trip, afoot, unarmed, unprovisioned, and 
naked, through savage tribes hostile to one another, was one of the most re- 
markable travels of all history, even exceeding that of Marco Polo. His expe- 
riences and strange discoveries of new scenes, animals and peoples and his re- 
markably accurate and compact account of his seven years, experiences—which 
later he wrote from memory—have neither been given sufficient consideration 
or adequate interpretation by historians. The scientific aspects of his journey 
and the fact that he was really a great naturalist, and geologist, as well as an 
ethnologist have never been acknowledged. Close analysis of the remarkably 
compact text of Cabeza’s narrative reveals many geographic and geologic allu- 
sions which, although apt to be cryptic to those unfamiliar with the regions 
traversed, enable the present author to recognize many phenomena along the 
route which have hitherto not been identified. Among the places and geologic 
phenomena first noted are the following: 

Tampa Bay, Appalachicola Bay, the “Appalachee” country where gold oc- 
curred, thereby meaning the south end of the Appalachian highlands of 


* Introduced by Sidney Powers. 
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Georgia or Alabama, the mouth of the Mississippi (nine years before De Soto), 
Galveston Island, Oyster Creek, the Coastal Lagoons, Colorado River; lands 
of the Yeyuaces and Anegados, whose names are preserved in the present 
names of Yegua and Anacuacho creeks ; the Pecos River (River of the Gourds), 
Comanche (Glass) Mountain, the Davis Mountains and mountain valleys, 
Limpia Creek, the Rio Grande below Presidio; the Rio Grande Valleys above 
Presidio to El Paso Texas; the Jornado, the Plains of Saint Anthony, the 
now extinct Pueblo villages of the upper Gila, the peculiar sheets of native 
copper in southern Arizona, New Mexico and northern Sonora, from which 
much of the native copper of the southwest Indians came instead of Lake 
Superior, as commonly supposed ; the gold, silver and copper region of northern 
Mexico, the Sonora and other rivers, the towns of Ures and Culiacan. Lack 
of a proper map showing a classification of the physiographic provinces of the 
Southwest border region has added to the confusion of the historians. One has 
been prepared to accompany this paper. 


Read by title. 


CORRELATIONS OF THE COASTWARD SLOPE OF THE TEXAS REGION WITH 
THE GLACIAL EPOCHS 


BY ROBERT T. HILL 
(Abstract) 


The writer’s studies in the Trans-Pecos region of Texas and New Mexico 
suggest that the front ranges of this region are a continuation into the United 
States of the eastern Sierra Madre system and that the structural conditions 
attending this range have affinities as far northwest as the Socorro region of 
New Mexico. Accompaniments of this great Neocene mountain-making revo- 
lution were elevation and erosion, and the deposition of the great continental 
formations which extended indefinitely southeastward toward the receding 
Gulf region. The remnants of these continental Neocene formations now con- 
stitute the caprock formations of the Llano Estacado of Texas. 

The age of the mountain revolution and the chief elevation of the original 
coastward slope having been thus determined, it is possible to make an analysis 
of the drainage systems of the Texas region which preceded and succeeded 
these events. As a result of such studies, the following conclusions are ap- 
parent: Certain drainage systems existed prior to the great uplift incident to 
this Pliocene mountain revolution and the uplifts were directly across their 
courses. These streams consisted of the Upper Rio Grande, the Pecos, and 
the Canadian rivers. Their histories, thus broadly grouped together, are 
eapable of further analyses and differentiation. Consequent to the Pliocene 
Sierra Madre uplift, at least five distinct and successive drainage systems, each 
with characteristic pattern, developed on the regional coastward slope. 

Each pattern, according to its age and succession, is developed on an inter- 
fluvial plane between a preexisting drainage pattern. These patterns as shown 
on map and accompanying plan, are enumerated. 


Read by title. 
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EXTENSION OF THE SIERRA MADRE ORIENTE SYSTEM OF NORTHEAST MEXICO 
INTO PORTIONS OF TRANS-PECOS TEXAS AND NEW MEXICO 


BY ROBERT T. HILL 
(Abstract) 


J. L. Tatum and others have recently shown that the eastern Sierra Madre 
Mountain system of northeast Mexico is of Neocene (Reynosa Pliocene) age 
and that it is accompanied by a long north 35 degrees west structural zone which 
consists largely of highlands accompanied by faults thrust from the west, or of 
asymetrie folds with steep or vertical slopes to the west. 

He further concludes that this characteristic structure of northeast Mexico 
ends at the Rio Grande, and that the northeast stretch of that river from the 
“Big Bend” of the Rio Grande flows around its north end. The present paper 
alleges that these latter deductions are erroneous, however, and that these 
structures and highlands not only extend across the Rio Grande into Trans- 
Pecos Texas, but reach far into New Mexico, and that the exploration of them 
by Tatum not only explains phenomena there which have long puzzled students 
of the region, but give a key to many of the problems of the coastward slope 
of the greater Texas region. These explanations also pertain to the eastern 
highlands of southern New Mexico and Trans-lecos, rescues the physiography 
of the last-mentioned regions from previous embarrassing confusions with the 
Rocky Mountains (Laramide) system, clearly places them in a later system, 
and emphasizes the individuality which the author of the present paper has 
long maintained that this region deserved. 

These ranges have risen directly across the path of the Rio Grande where 
numerous accompanying blocks of thrusted structure which compose the Car- 
men Mountains may be seen along the Boquillas Canyon. 

Various members of the so called “east front” of the east half of Trans-Pecos 
Texas and New Mexico belong to the Mexican or Sierra Madre system. Among 
these are the Carmen, Santiago, Davis, Apache, Delaware, Guadalupe, and 
Sacramento and Oscura groups. Each is along or on the east side of a great 
thrust-fault or acutely anticlinal system from the west, which belongs to the 
general zone. 

The writer has previously asserted that these ranges of the northwest cut 
across previous structures of Appalachian, Laramide and Basin Range types. 
Baker and the writer have previously mentioned their Pacific relationships and 
later Tertiary age. 


Read by title. 


ORIGIN OF THE GYPSUM SANDS OF TULAROSA VALLEY 
BY STERLING B. TALMAGE* 
(Abstract) 


These sands form a large dune area in southern New Mexico, and consist 
of nearly pure gypsum. 


* Introduced by James E. Talmage. 
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Their origin has been ascribed largely to the action of ground-water bring- 
ing up gypsum in solution from beneath the valley. 

Field investigation shows the following sequence from west to east: 

(1) At the base of the foothills is a thick bank of fine silt, in which have 
grown large crystals of selenite, measuring up to 40 inches. These are pre- 
vailingly yellow to brown, from included silt. 

(2) A wind-swept flat, on which are large dunes composed of coarse cleavage 
pieces of the yellow selenite; ground-waters are effecting some recrystalliza- 
tion of gray selenite on the dune surfaces. 

(3) A series of gypsite hills, judged to be cemented old dunes. These 
weather to a fine gray powder, and a coarser white gypsum sand. 

(4) The active dunes, or “white sands” proper, fed by the fragments 
furnished by the breaking down of the gypsite hills. The grain here is 
notably finer than in the yellow dunes farther west. 

This sequence suggests: 

(1) That the importance of ground-water in transporting gypsum to the 
area where the active dunes exist has been overestimated. 

(2) That the importance of ground-water in the formation of the large 
selenite crystals, and the importance of these crystals as the ultimate 
source of part of the white sands, have been underestimated. 

(3) That reworking by wind and weather, rather than ground-water, has 
been directly responsible for the material in the active dunes. 


Read by title. 


NOMLAKI TUFF, ITS ORIGIN AND MODE OF EMPLACEMENT 
BY R. DANA RUSSELL * 


(Abstract) 


The Nomlaki tuff, a dacite pumice tuff ten to three hundred feet in thick- 
ness, outcrops in the northern Sacramento Valley region of California. It 
underlies an area of nearly 2,000 square miles, extending for over 70 miles 
in a north-south direction (from Redding, Shasta County, to Willows, Glenn 
County) and for about 40 miles in an east-west direction. The rather uniform 
composition of the tuff and its distinctive appearance make it of value as a 
horizon marker. 

The Nomlaki is interbedded in the Tehama and Tuscan, two contempora- 
neous formations of Upper Middle Pliocene to Upper Pliocene age. Evidence 
furnished by these formations proves that the general topographic setting 
in the northern Sacramento Valley region during the Upper Pliocene was 
very similar to that of the present, except that the alluviated portion of the 
valley extended farther to the west and northwest. The Nomlaki tuff was 
deposited upon the eastern slope and alluviated floor of this old valley; the 
source of the tuff lay to the east, probably about ten miles west of the pres- 
ent Lassen Peak. 

A consideration of the petrology and field relationships of the Nomlaki 
tuff indicates that the mode of emplacement was by “nuées ardentes” or fiery 


* Introduced by R. J. Russell. 
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clouds similar to those which occurred at Soufriére and Pelée in 1902, but 
of greater mobility. In this latter respect the clouds must have been more 
closely comparable with those which deposited the tuff in the Valley of the 
Ten Thousand Smokes in Alaska, in 1912. 


Read by title. 


ROLE OF SULPHIDE SOLS IN THE FORMATION OF MESOTHERMAL PYRITIC 
COPPER DEPOSITS 


BY JOSEPH E. A. KANIA* 
(Abstract) 


An experimental investigation using sodium sulphide and various metal sul- 
phides in the colloidal state. The concentrations of the sols were varied 
as well as the rock in contact with them, and the temperature. The paper 
is an attempt to show under what conditions such minerals as pyrite, marcasite, 
chalcopyrite, etcetera, will crystallize from a sol. 

A rough suspensibility series, analogous to a solubility series, was deter- 
mined, showing that the minerals are deposited in the following order: quartz, 
pyrite, chalcopyrite, sphalerite. 

The conclusions arrived at are as follows: 

1. A mineral may be of colloidal origin, but show no colloform structure. 

2. Pyrite cubes, marcasite crystals, and chalcopyrite spheroids formed from 
solutions and sols at 32° C.-90° C. and under not dissimilar conditions. 

3. As H.S, COs, charged Na.S-SiO, solutions ascended from the magma, 
reached a zone of increased differential pressure (i.e., a shear zone) and the 
H.S with some CO, escaped, the SiO, would coagulate while the Na in the 
form of the soluble bicarbonate, an electrolyte responsible for the coagulation 
of the SiO,, would ascend to the surface, with the H,S and some CO, to be 
dissipated. 

Thus, the initial barren silicified zone, on being intruded by Na,S-FeS, solu- 
tions, should result in the coagulation of the FeS, and solution of previously 
formed SiOz (i.e, replacement), with the latter carried upwards and re- 
depositing as second generation silica. The sodium earbonate or bicarbo- 
nate, along with the H,S and Co., would again escape to the surface. 

Analogous to the deposition of first SiO, and then FeS,, the later chalco- 
pyrite and still later sphalerite should be deposited similarly, always resulting 
in the replaced mineral being carried further along the path of the ascending 
solutions. 


Read by title. 


MINERALOGY OF THE POTASH DEPOSITS OF NEW MEXICO AND TEXAS 
BY W. T. SCHALLER AND E. P. HENDERSON 
(Abstract) 


The potash deposits are in the Permian salt beds which rest on Pennsylva- 
nian. They are covered by several hundred feet of Triassic and later sedi- 


* Introduced by W. S. Bayley. 


» 
: 
> 
4 
v 
3 


188 PROCEEDINGS OF THE TULSA MEETING 


ments. Halite, common salt, constitutes about three-fourths of the salines. An- 
hydrite, clay and polyhalite are next in abundance. Sylvite, potassium chloride, 
is the commercial mineral mined at a depth of about 1,000 feet and, mixed with 
halite, has been shipped for nearly a year by the U. S. Potash Company, from 
near Carlsbad, New Mexico. The commercial beds, carrying slightly less than 
half sylvite, are ten feet or less in thickness and contain smaller lenses of 
nearly pure sylvite, of nearly pure halite, and of varying mixtures of the two. 
The saline minerals have undergone many changes since deposition and a 
‘long series of mineral replacements were established by microscopic study. 
Anhydrite, banded by thin seams of magnesite, halite and clay, were the chief 
minerals originally deposited. Much of the anhydrite has been changed to 
polyhalite and nearly all of the halite contains small but varying quantities 
of polyhalite as minute blebs. Thin seams of nearly pure carnallite are present. 
Some masses of halite and of polyhalite, in anhydrite, have the form of 
gypsum twins and suggest the mineral changes: anhydrite > gypsum > halite 
> polyhalite. The presence of magnesium chloride in evaporating sea water 
prohibits the direct precipitation of sylvite, as carnallite would form. The 
occurrence of sylvite, therefore, is additional evidence of the reworking of the 
deposits since they were originally laid down. 


Read by title. 


CHEMICAL AND PHYSICAL PROCESSES IN CONCRETION FORMATION 
BY FREDERICK A. BURT 
(Abstract) 


The Cook Mountain (Eocene) of Brazos County, Texas, contains an abun- 
dance of aluminum-rich concretions formed around fossil crabs. 

The concretions are spheroidal, from 19 to 135 millimeters across. Each 
consists of a yellowish-brown case inclosing a nearly black core. Radial and 
circumferential shrinkage joints characterize the core. Pressure joints cut 
the case. 

The core consists of cryptocrystalline and amorphous alumina, calcite, 
collophanite, and minor quartz, aluminum hydroxides, magnesium sulphate, 
iron oxides, copper and manganese minerals. The crab shell may or may not 
persist. The case consists of quartz, chalcedony, calcite, clay minerals, and 
iron oxides. 

The quartz, glauconite, iron oxides, clay minerals, and part of the calcite 
represent unaltered constituents of the inclosed clay. The chalcedony and 
eryptocrystalline and amorphous alumina are products of clay desilication 
and dehydration under influence of the organic products of crab decomposition. 
The collophanite, magnesium, sulphate, copper minerals, and part of the calcite 
are synthetic, their constituents coming partly from the crab. 

Calculated energy changes in the bauxitization of clay to aluminum hy- 
droxides, evolve insufficient pressure to produce the pressure jointing. Volume 
change in the dehydration of the hydroxides is sufficient to produce the shrink- 
age jointing. Subsequent deformation, slickensides, and adjacent cone-in-cone 
prove sufficient external forces to account for pressure jointing. 
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The physical properties have been determined by: the size of the crab, the 
permeability of the inclosed clay, and the subsequent pressures. The chemical 
properties by the mineral composition of the clay and the available organic 
reagents. 


Read by title. 


ORIGIN OF THE CONCRETIONARY STRUCTURES OF THE MAGNESIAN 
LIMESTONE OF SUNDERLAND, ENGLAND 


BY W. A. TARR 
(Abstract) 


The Magnesian limestone (Permian) near Sunderland, on the east coast of 
England, exhibits a remarkable series of concretionary structures. The forms 
of these structures are extremely varied and intergrown, producing what are 
probably the most remarkable patterns in sedimentary rocks found anywhere 
in the world. The exposures of the rocks containing them appear to be covered 
by a lovely lace drapery. Other forms are spherical, and others aggregates 
of rods. The occurrence and origin of the remarkable structures will be dis- 
cussed. 


Read by title. 


RECESSIONAL MORAINES IN THE BUFFALO-GENESEE AND FINGER 
LAKE AREAS 


BY FRANK B. TAYLOR 
(Abstract) 


Describes certain recessional moraines extending eastward from previously 
mapped parts in the Buffalo area into the Finger Lakes region. The Albion, 
Niagara Falls, Buffalo and Alden moraines were studied. The Albion passes 
through Rochester, and the ice pushed a narrow tongue five miles into Cayuga 
Lake, but entered no other. The Niagara Falls passes close north of Canandai- 
gua, turns into Seneca Valley at Geneva and passes through Auburn. The 
Buffalo is strongest and shows no breaks. It shows a pronounced tongue in 
Genesee Valley, also in middle part of Canandaigua Valley, with long, narrow 
tongues extending up Seneca and Cayuga Valleys to Watkins and Ithaca. The 
reentrant angle between is sharply defined on the interlake plateau at Ovid. 
From Ithaca, this moraine was traced to a point six miles south of Auburn. A 
reentrant of the Alden moraine is six miles south of Ovid. 

These moraines have mostly low relief, because mainly waterlaid. Their de- 
velopment, location and relations to topography are of type about halfway 
between those of the Great Lakes basins and the subdued mountainous region of 
western New England, where the moraines are slender and much broken, and 
where in many cases the ice failed to build moraines in high, sharp-angled re- 
entrants and on steep slopes. The moraines of the Finger Lakes area clearly 
disprove the idea of general stagnation of the waning ice sheet in that region, 
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and the moraine fragments in New England are equally valid evidence against 
stagnation there. 


Read by title. 
PLEISTOCENE FORMATIONS OF SOUTHERN NEBRASKA 
BY os LUGN * 
(Abstract) 


This is a progress report on the Pleistocene of Nebraska and is presented 
with the consent of the State Geologist, G. E. Condra. Five new formation 
names are proposed by Doctor Condra and the writer. 

Eastern Nebraska is underlain with Pleistocene deposits of glacial origin like 
those of Iowa. A gravel and sand deposit, the David City formation (early 
Nebraskan), 20 to 100 feet thick, is at the base of the Pleistocene section. 
It is overlain by Nebraskan till and gumbotil up to 100 feet in thickness. Kan- 
san till and gumbotil, up to 80 feet thick, rests unconformably on the Nebraskan. 
The dissected Kansan gumbotil surface is overlain by the reddish Loveland 
formation as much as 30 feet thick and thicker Peorian loess rests unconform- 
ably on the Loveland. 

The Loess Plains of southern Nebraska, west of the till covered area, are 
underlain by Veorian loess and the Loveland formation, which are con- 
tinuous from the eastern part of the State. These formations attain a total 
thickness of over 300 feet in the western part of the area. Thick and exten- 
sive formations of gravel, sand, silt and clay, correlatable with contemporaneous 
glacial deposits, underlie the Loveland unconformably. The lowermost gravel- 
sand deposit is the Holdrege formation (Nebraskan), 50 to over 100 feet thick, 
The Fullerton formation (Aftonian) of silt and clay, eight to 60 feet thick, 
rests conformably on the Holdrege formation. The Grand Island formation 
(Kansan), from 50 to over 100 feet thick, lies unconformably on the Fullerton 
bed. It is overlain conformably by the Upland formation (Yarmouth) of clay 
and silt three to 30 feet thick. 


Read by title. 
CAZENOVIA GLACIAL LOBE 
BY E, T. APFEL AND C. D. HOLMES* 
(Abstract) 


At least two major ice lobes of late Wisconsin age are responsible for the 
distribution of the unique glacial features of central New York. The last of 
these is here referred to as the Cazenovia glacial lobe. It is identified by a 
morainic belt composed of several recessional moraines, some of very conspicu- 
ous development. Outside the morainic limits of this ice advance are several 
other moraines not as yet entirely correlated. 

The morainic belt of the Cazenovia ice lobe has been traced from Ilion in 
the Mohawk valley westward to its descent from the plateau to the lake plain 


* Introduced by G. E. Condra. 
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near Auburn. Its western part was deposited subaqueously and is therefore 
inconspicuously represented. Within the area covered by this ice lie the cross- 
channels, plunge basin lakes and associated phenomena for which the northern 
plateau region has long been noted. These peculiar features were developed 
during recessional stands of this ice lobe in its retreat from the plateau. 


GLACIATION IN THE VENEZUELAN ANDES 
BY E. T. APFEL* 
(Abstract) 


Observations made in the high Andes mountains of central Venezuela show 
these mountains to have been extensively glaciated during the Pleistocene. 
Valley glaciers extended below 10,000 feet elevation, more than 4,000 feet 
below the present small ice fields, and left well defined glacial features to mark 
their positions. 

An earlier glaciation is indicated by less well defined terminal moraines, till 
and U-shaped valleys at elevations somewhat lower than those at which the 
major development of the later moraines occurs. 


Read by title. 


NEW YORK GLACIAL HISTORY AND TORONTO INTERGLACIAL DEPOSITS 


BY HERMAN L,. FAIRCHILD 
(Abstract) 


A sequence of capacious glacial drainage channels across central New York, 
from northwest of Batavia eastward to Rome, were described and elaborately 
mapped in 1909, in Bulletin 127 of the New York State Museum, 

A new interpretation of the functions of those channels is now found—that 
they carried not merely the impounded waters of the central New York valleys 
but also the copious downdraining of the great glacial Lake Warren, lying in 
the Erie-Huron basin. 

The data for the postglacial land uplift, along with the present elevation 
and characters of the drainage features, prove that the escape of the glacial 
waters, at Rome and Little Falls, was at sealevel. 

That deglaciation interval in late Wisconsin time (formerly called “Free 
Drainage” stage) with very low water in the Ontario basin, was probably of 
considerable extent in area and duration in time, and is believed to account for 
the interglacial deposits at Toronto, described by A. P. Coleman. The eleva- 
tion of the deposits at the time of their formation is determined; with review 
of their relations and characters. 

The deglaciation stage was ended by readvance of the ice in the Syraecuse- 
Chittenango district, with blockade of the eastward drainage. That latest 
impounding of glacial waters in central New York culminated in a second 
Lake Warren, which was responsible for the shorelines north of Batavia 


*Introduced by T. C. Hopkins. 
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and in the Genesee Valley described in the Bulletin of this Society, volume 8, 
1897, pages 269-286. 

The lowering of the second Lake Warren involved the sequence of lower 
glacial lakes, Dana, Dawson and Iroquois. 

The description and the mapping of the glacial features, channels and shore- 
lines remain unchanged, but with new interpretation. This new view recog- 
nizes two lakes Warren instead of one, but otherwise makes the latter Wis- 
consin history in New York, the ice-front movements and glacial drainage, 
simpler and clearer than in the former view. 


Read by title. 


NEW YORK MORAINES 


BY HERMAN L,. FAIRCHILD 


(Abstract) : 

A new map of moraines and ice-front positions in the western half of the ‘ 
State is presented. Existing maps are exaggerated and misleading. Except- 

ing the Terminal Moraine, extended, definite and mapable morainic belts exist ‘ 

only in western and central New York. ‘ 

Moraines in the Erie basin and on the Ontario plain west of the Genesee | 

Valley were well delineated in 1902, by Frank Leverett, in Monograph 41 of the 


U.S. Geological Survey. The present map extends the principal belts and ice- 
front positions eastward to the Mohawk Valley. 

The moraines and the accompanying drainage features prove the occurrence 
of an important interval of deglaciation, with the Ontario basin water at sea- 
level, which has relation to the Toronto interglacial deposits. 

The “interglacial” stage in late Wisconsin time was preceded and followed by 
a first and a second glacial Lake Warren. The drainage and lake history is 
told in another writing. 

The theory of successive ice-front positions with subequal spacing, producing 
climatic cycles, has no observational basis in the New York moraines. 


Read by title. 

GLACIAL LAKE COWANESQUE tl 

re 

BY BRADFORD WILLARD te 

(Abstract) de 

th 

Cowanesque Valley in north-central Pennsylvania was the site of a DPleisto- m 
cene lake which extended east and west for about 15 miles and was caused orig- mi 
inally by moraine and ice damming. In this lake varved clays were deposited. TI 
Drainage was at first southward by way of a succession of spillways later on 


abandoned with lowering of lake level and ice retreat so that discharge was 
down the present Cowanesque River. At a later stage renewed damming 
was brought about by a lateral tributary from the north building a delta 
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across the valley partially on top of the old morainic dam. This in turn was 
cut through, but only after the lake outlet had been deflected against the 
southern wall of the valley. 


Read by title. 


TOPOGRAPHIC FEATURES ATTRIBUTED TO GLACIAL EROSION 
BY R. L. BELKNAP * 


(Abstract) 


Several theories have been advanced to account for the peculiar physio- 
graphic form, the “Tind.” The author, while he failed to find the true cone 
shaped tind, did find in Norway last summer, that certain mountains described 
as such were quite similar to the “Horn” and are to be accounted for in the 
same way. In many cases evidence was found that a rugged topography attrib- 
uted to glacial erosion and cirque action had been maintained and sometimes 
accentuated by wave action. 

Neither in Norway nor in Switzerland was there any evidence of effective 
“bergschrund” action. There were evidences however that certain processes 
or agents associated with glaciation—thaw-water and avalanches especially— 
have played an important réle in shaping the physiographic features associated 
with mountain glaciers. 


Read by title. 


GEOLOGIC RELATIONS OF GRAVEL DEPOSIT REPORTED TO CONTAIN 
ARTIFACTS AT FREDERICK, OKLAHOMA 


BY E. H. SELLARDS 


(Abstract) 


Several artifacts are reported to have been found in a gravel pit which is 
being operated about one mile north of Frederick, Oklahoma. This gravel pit 
is on the upland of that part of the county and is some 180 feet above the 
present drainage level. It has been postulated by some that the gravel is in 
the bed of a stream not of the present drainage system. The conclusion 
reached in this study is that the gravel deposits represent the highest existing 
terrace of the present drainage system; that the fossils contained in the 
deposits including extinct mammalian remains chiefly, are primary; and that 
the dating of the gravel deposits is to be determined by these fossils supple- 
mented by the erosion and down-cutting of the stream and terrace develop- 
ment. By these criteria the deposits are believed to be of Pleistocene age. 
This conclusion is in agreement with that of all previous publications, except 
one in which the gravel deposits are reported to be of Recent age. 


Read by title. 


* Introduced by I. D. Seott. 
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RESOLUTION OF THANKS ADOPTED BY THE SESSION 


The following resolution was offered by a committee consisting of W. J. 
Miller and Kirk Bryan, and was duly adopted by the Society : 

Resolved, that the Secretary be requested to convey to the Tulsa Geo- 
logical Society the thanks of the Geological Society of America for its 
gracious hospitality during the 44th meeting of the Society, December 
29-31, 1931, and that the Secretary also convey in suitable letters the 
particular and special gratitude of the membership for the orderly ar- 
rangements and general facilities for the meeting to R. S. Knappen, Presi- 
dent of the Tulsa Geological Society; to Lovic P. Garrett and Sidney 
Powers, President and Past-President of the American Association of 
Petroleum Geologists; to Frank R. Clark, General Chairman, and to the 
chairmen of committees: Ira H. Cram, W. Z. Miller, W. B. Wilson, Harry 
H. Nowlan, R. H. Cullen, and to Mrs. R. 8S. Knappen and Mrs. Frank 
R. Clark for their special care of attending ladies ; 

Further resolved, that the Society especially appreciates the efficiency 
of the local committees, the gracious hospitality of the geologists and of 
the citizens of Tulsa as represented in part by the management of the 
Mayo Hotel. The elaborate and well-conducted field excursions have been 
an unusual and highly appreciated feature of the meeting and the Society 
expresses grateful thanks to the large number of geologists who have 
as leaders and assistants given so much time and thought, as well as the 
use of private means of transportation, to the preparation for and able 
carrying out of these excursions. 


ReEsoLuTION oF THANKS ADOPTED BY THE COUNCIL 


The Geological Society of America, at the close of the Tulsa meeting, 
desires to express its appreciation to all who contributed to make this one 
of the most enjoyable and successful meetings in the history of the So- 
ciety. Through its Council, therefore, the Society extends its sincere 
thanks to Russell S. Knappen, President of the Tulsa Geological Society ; 
to Lovic P. Garrett and Sidney Powers, President and Past-President 
of the American Association of Petroleum Geologists; to Frank R. Clark, 
Chairman of the General Committee on Arrangements; to Harry H. 
Nowlan, Chairman of the Committee on Entertainment; and through 
these gentlemen to their assistants and the members of their respective 


committees and organizations. 
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(irateful appreciation is due the Mayo Hotel for its many gratuitous 
concessions and courteous attention to the needs of the Society. 

‘lo all who contributed to the program of entertainment at the annual 
dinner, the Society expresses its thanks and keen appreciation; to Mr. 
Joe Chambers, Mr. Joe Bruner, Mrs. Josephine Bruner Battiste, Jimmie 
Wilson and the members of his Catfish Band. 

To Mr. C. F. Bochner of Saint Louis thanks are due for maintaining 
an information booth in the St. Louis Union Station, and to Mr. J. E. 
Payne, of the Frisco Railroad, for assistance in transportation arrange- 
ments. 

And finally the Society acknowledges the cordial cooperation of the 
American Association of Petroleum Geologists in the arrangement of a 
joint program which was of special interest to those fellows of the So- 
ciety not intimately acquainted with the geologic developments within 
the oil industry. 

Vice-President Walker ihen announced that the business, the scientific 
sessions, and other activities of the annual meeting of 1931 had been 
completed, and on motion the forty-fourth annual meeting adjourned 
at 5 

CHARLES P. BERKEY, 
Secretary. 
Tulsa, December 31, 1931. 
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KE. B. Branson G. E. ConprRA 
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CAREY CRONEIS 
E. R. CuMINGsS 

R. A. Daty 

N. H. Darton 
W. M. Davis 

C. E. Decker 

C. E. DopBin 
Witson B. Emery 
R. C. Emmons 
A. E. Fatu 
Nevin M. FENNEMAN 
H. G. Feravuson 
RicuarpD M. FIELD 

J. J. GALLOWAY 
JAMES IH. GARDNER 
ALBERT W. GILES 
Marcus I. GoLtpMAN 
N. GouLD 
L. C. GRATON 

GEORGE M. 
Marcus A. Hanna 
C. J. 

K. C. 
DonneL F. Hewerr 
T. 

W. H. Hoxss 
CrarLes W. Honess 
W. O. HorcuKiss 

B. F. Howe. 

Beta 
Water F. Hunt 
DouGLas JOHNSON 
GrorGE F. Kay 

Pact F. Kerr 
Cyar_es T. Kirk 
Virert R. D. KirKHAM 
S. KNAPPEN 
Samvue. H. Knicutr 
Henry B. KuMMEL 
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Harry S. Lapp 
Freperic H. 
KennetH K. LANDES 
ALFRED C, LANE 
James H. Lees 
Morris M. 
C. K. Leiru 

A. G. LEONARD 

A. I. LEvorsEN 

E. Russert Lioyp 

F. B. Loomis 

A. MALorT 
F. MatHer 
Epwarp B. MatHews 
GrEorGE C. Matson 
W. McCoy 

W. C. MENDENHALL 
J. MILLer 
Hvueu D. MIser 

V. E. MonNETT 
Raymonp C. Moore 
CHARLES PALACHE 
ALEXANDER H. PHILLIPS 
Freperick B. PLUMMER 
JosePH E. Pocur 
SIDNEY POWERS 
E. Pratt 
Cuester A. REEDS 
Joun L. 
Herinricnu Ries 
AustTIN F. Rocers 
Epwarp SAMPSON 
Water H. 
GAYLE Scorr 

E. H. 

F. P. SHEPARD 
Frepertc W. Stmonps 
L. C. SNIDER 

J. STANLEY-BROWN 
T. W. Stanton 
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GEORGE W. STOSE Tuomas L. WALKER 

C. 0. SWANSON G. A. WARING 

W. A. Tarr Cuerster W. WaSHBURNE 
George A, THIEL Carrot H. WeceMANN 
W. Tuom, Jr. S. W. Wemman 


I. P. ToLMACHOFF 

C. W. ToMLINSON 
Parker D. Trask 

W. H. TWENHOFEL 
J. P. UMPLEBY 

W. Van Der Gracut 


Cuester K. WeNTWoRTH 
LutTHer H. WHITE 

Ira WILLIAMS 

BaILey WILLIS 

A. N. WINCHELL 


Frank R. Van Horn E. G. WoopruFr 

F. M. Van Tuy W. E. WRATHER 
FELLOWS-ELECT 

Victor T. ALLEN Lewis B. KELLUM 

MarGARET FULLER Boos Puiuir B. Kine 

GrorGE C. BRANNER Frank A. MELTON 

GrorGE B. CRESSEY QUENTIN D. SINGEWALD 

C. H. CrickMAay ARLE H. Sutron 

Irvine B. Crosspy ALLEN C. TESTER 

L. L. FoLtey Norman L. THomas 

B. Heroy Water A. VER WIEBE 

EvGENE J ABLONSKI Harotp R. WANLESS 


In addition to the foregoing there were registered at the meeting 568 
members of affiliated societies and visitors, making a total of 721. 


SpecraL BULLETINS 


Two bulletins, intended to keep the Fellowship informed on develop- 
ments connected with the Penrose bequest, have been issued, one under date 
of December 1, 1931, and the other January 14, 1932. 


SPECIAL INFORMATION ON THE STATUS OF THE SOCIETY 


To the Fellows of the Geological Society of America: 

Probably nearly every member of the Society has read the notices 
couched in general terms in Science or in the daily press referring to 
the bequest of the late Dr. R. A. F. Penrose, Jr., to the Geological Society 
of America. Comparatively few may have known of the very great in- 
terest that Doctor Penrose took in the organization and the time and 
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thought he gave to planning for its future. Although this interest was 
fully realized by the few with whom he consulted frequently, it was not 
known, even to those favored with such confidence, how much financial 
support he might give or what form it would take. At the time of his 
death, which came unexpectedly and before much progress had been 
made along definite lines of development, it was not known whether pro- 
vision on liberal enough lines had been made to carry out such a program 
as had been discussed. 

The wording of the document making the bequest is simple and direct 
and leaves it perfectly clear that only the income is intended to be used. 
After making certain family and special bequests, the residue of the estate 
is disposed of in the following words: 

“I give and bequeath all the rest, remainder and residue of my estate, real 
and personal, of which I shall be seized or possessed at the time of my death, 
in two equal parts, one of these parts to the American Philosophical Society 
held at Philadelphia for Promoting Useful Knowledge and the other of these 
parts to the Geological Society of America (incorporated under the laws of the 
State of New York). Both of these gifts shall be considered endowment funds, 
the income of which only to be used and the capital to be properly invested.” 


Sven when the form of the will was known, indicating that the Geo- 
logical Society was to share equally with the American Philosophical So- 
ciety the residue of the estate, it was not known whether this was or was 
not a large sum. The newspapers at that time carried the comment 
that it would amount to more than a million dollars for distribution to 
the two societies. But after the executors had made a full inventory, it 
was found that the estate is a very large one, and that the share of the 
Geological Society is likely to amount to a total sum of something over 
four million dollars ($4,000,000). 

This is a perfectly astounding turn of affairs. The Penrose bequest 
establishes an enormous endowment, the like of which has not fallen to 
any other scientific society in this day or any other day. The officers and 
Council are overwhelmed with a sense of responsibility. At no time in 
its history has the Society faced so great an opportunity or so over- 
powering a responsiblity. This bequest, more than any other thing that 
has ever happened to the Society, is a test of our worthiness. We shall 
have to use the best wiadom that our ranks afford if we are to live up to 
the measure of this bequest and merit the confidence that prompted the 
benefaction. 

The Council has been acquainted with the principal facts for but a 
short time, and they have hesitated to advertise them until assured that 
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the announcement could be made in fairly definite terms and with fair 
assurance. The main features of the situation have now become well 
enough established, it seems, so that this information ought to be dis- 
tributed, especially to the membership of the Society. It is still too early 
to say that these funds are actually available. They will not be until the 
estate is settled. Barring unforeseen difficulties, however, settlement will 
be reached some time during the coming year, probably before midyear. 

The Fellows of the Society may rest assured that the Council is fully 
aware of its duties in this matter and is carefully laying plans for a 
sweeping study of the new situation. Our interests have suddenly be- 
come the interests of geologic science; our field has become enormously 
expanded ; for, with our prospective resources we shall be able to carry 
through undertakings that otherwise could not be done. What they shall 
be, will engage the thought of our best minds for some time to come. It 
is important to begin study of the problem, and equally important to be 
deliberate and determine upon the wisest course and do only the finest 
things. One thing at least is certain—we shall not measure up unless 
the projects finally adopted are as large of view and as generous of 
execution as the bequest that makes them possible. 

CHARLES P. BERKEY, 
Secretary. 
Columbia University, New York, December 1, 1931. 


To the Fellows of the Geological Society of America: 
There is enclosed for your information copy of a statement read at the 
session of December 30, 1931, of the annual meeting in Tulsa. The 
advisory committees referred to in this statement have been selected and 
notified and have agreed to serve. They are prepared to consider sug- 
gestions. These may be forwarded to any member of the respective com- 
mittees or to the office of the Secretary of the Society, who will record 
the material coming in this manner and refer to the proper committee. 

It is hoped that these committees can make report, including initial 
recommendations, to the Council at its April meeting. If this is to be 
done no time should be lost in getting vour suggestions into the hands 
of the committee. 

The committees are made up as follows: 

Advisory Finance Committee: H. Foster Bain, Chairman; George Otis 
Smith, Ernest Howe. 
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Advisory Committee on Policies and Projects: C. K. Leith, Chairman ; 
Isaiah Bowman, Waldemar Lindgren, John B. Reeside, Jr., Rollin T. 
Chamberlin, M. M. Leighton, Frank D. Adams. 

Cuar.es P. BerKEy, 
Secretary. 
Columbia University, New York, January 14, 1932. 
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OFFICERS, CORRESPONDENTS, AND FELLOWS OF THE 
* GEOLOGICAL SOCIETY OF AMERICA 


OFFICERS FOR 1932 
President: 


A, Daty, Cambridge, Mass. 


Vice-Presidents: 


Nevin M. FENNEMAN, Cincinnati, Ohio. 
W. E. Wratuer, Dallas, Texas. 

R. S. Basster, Washington, D. C. 
ALEXANDER N. WINCHELL, Madison, Wis. 


Secretary: 


Es P, Berkey, Columbia University, New York, N. Y. 


Treasurer: 


Epwarp B, Matuews, Johns Hopkins University, Baltimore, Md. 


Editor: 


JOSEPH STANLEY-BrowN, 151 Quentin St., Kew Gardens, L. I., N. Y. 


Councilors: 

(Term expires 1932) 
W. C. MENDENHALL, Washington, D. C. 
W. J. Meap, Madison, Wis. 

(Term expires 1933) 
Sipney Powers, Tulsa, Okla. 
DonneEL F. Hewett, Washington, D. C. 

(Term expires 1934) 
Grorce W. Strosr, Washington, D. C. 
Frank R. Van Horvy, Cleveland, Ohio. 


Representative of the Cordilleran Section: 


BLAcKWELDER, Stanford University, Calif. 
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MEMBERSHIP, 1932 
CORRESPONDENTS 


BarROIs, CHARLES, Lille, France. Dec., 1909. 
BATHER, FRANCIS ARTHUR, London, England. Dec., 1926. 
Broéccer, W. C., Oslo, Norway. Dec., 1909. 


Davip, Sir TANNATT WILLIAM EpGewortH, Sydney, New South Wales. Dec., 


1928. 
DE GEER, BARON GERHARD, Stockholm, Sweden. Dec., 1910. 
DE MARGERIE, EMMANUEL, Strasbourg, Alsace, France. Dec., 1921. 
Fett, Sir Joun Smiru, London, England. Dec., 1928. 
GREGORY, JOHN WALTER, Glasgow, Scotland. Dec., 1930. 
Harker, ALFRED, Cambridge, England. Dec., 1924. 
Iferm, ALBERT, Zurich, Switzerland. Dec., 1909. 
Koto, Tokyo, Japan. Dec., 1923. 
LACROIX, FRANCOIS ANTOINE ALFRED, Paris, France. Dec., 1923. 
LOEWINSON-LESSING, FRANZ J., Leningrad, U. 8S. 8S. R. Dec., 1926. 
MOLENGRAAFF, GUSTAAF ADOLF FREDERIK, Delft, Holland. Dec., 1923. 
OprucneEV, VLADIMIR A., Leningrad, U. S. S. R. Dee., 1930. 
PeENCK, ALBRECHT, Berlin, Germany. Dec., 1930. 
RoGers, ARTHUR WILLIAM, Cape Town, South Africa. Dec., 1924. 
SoLLaAs, WILLIAM JouNson, Oxford, England. Dec., 1925. 
SEDERHOLM, JAKOB JOHANNES, Helsingfors, Finland. Dec., 1923. 
Hans W., G6ttingen, Germany. Dec., 1930. 
Voct, J. H. L., Oslo, Norway. Dec., 1925. 
WALTHER, JOHANNES, Halle-Wittenberg, Germany. Dec., 1926. 
Watts, WILLIAM WHITEHEAD, London, England. Dec., 1930. 
Woopw Arp, Sir ARTHUR Situ, London, England. Dece., 1923. 


FELLOWS 


ABBE, CLEVELAND, JR., 123 North Quarry St., Ithaca, N. Y. August, 1899. 
ADAMS, FRANK Dawson, McGill University, Montreal, Canada. Dec., 1889. 
ADAMS, GEORGE I., University of Alabama, Tuscaloosa, Ala. Dec., 1902. 
ApAMS, LEASON H., Geophysical Laboratory, Washington, D. C. Dece., 1922. 
ADKINS, WALTER S., University of Texas, Austin, Texas. Dec., 1921. 

AGAR, WILLIAM M., Columbia University, New York, N. Y. Dec., 1929. 
Atcock, F. J., Geological Survey of Canada, Ottawa, Canada. Dec., 1920. 
ALDEN, WILLIAM C., U. S. Geological Survey, Washington, D. C. Dec., 1909. 


Avpricu, Henry R., State Geological and Natural History Survey, Madison, 


Wis. Dec., 1927. 
ALpRICH, TRUMAN H., 1026 Glen Iris Ave., Birmingham, Ala. May, 1889. 


ALLAN, JoHN A., University of Alberta, Edmonton, Alberta, Canada. Dec., 1914. 


ALLEN, EUGENE T., Geophysical Laboratory, Washington, D. C. Dec., 1922. 
ALLEN, R. C., 1202 Hanna Bldg., Cleveland, Ohio. Dec., 1911. 

ALLEN, Victor T., St. Louis University, St. Louis, Mo. Dec., 1951. 

ALLInG, H. L., University of Rochester, Rochester, N. Y. Dec., 1920. 


* Indicates Original Fellows (see article II of By-laws). 
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ALLISON, Ira S., Oregon State College, Corvallis, Ore. Dec., 1929. 

ANDERSON, FRANK M., 58 Hillcrest Road, Berkeley, Calif. Dec., 1902. 

ANDERSON, RoBERT V., Menlo Park, Calif. Dec., 1911. 

AnpREWS, E. C., Geological Survey of New South Wales, Sydney, New South 
Wales. Dec., 1920. 

ANTEVS, Ernst V., 28 Beacon Ave., Auburn, Me. Dee., 1925. 

ARNOLD, RALPH, 812 Subway Terminal Bldg., Los Angeles, Calif. Dec., 1904. 

ASHLEY, GEORGE HALL, State Capitol. Harrisburg, Pa. August, 1895. 

ATwoop, WALLACE WALTER, Clark University, Worcester, Mass. Dec., 1909. 

AvrIn, Fritz L., Marland Oil Co., Ponea City, Okla. Dec., 1925. 

Baae, RuFus MATHER, JR., 7 Brokaw Place, Appleton, Wis. Dec., 1896. 

Bain, H. Foster, 25 Broadway, Room 1326, New York, N. Y. Dec., 1895. 

BAKER, ARTHUR A., U. S. Geological Survey, Washington, D. C. Dec., 1930. 

BAKER, CHARLES L., 1012 West 30th St., Austin, Texas. Dec., 1929. 

BAKER, MANLEY BENSON, School of Mining, Kingston, Ontario. Dee., 1911. 

BALDWIN, S. PRENTISS, 11025 East Blvd., Cleveland, Ohio. August, 1895. 

BALK, Rosert, Hunter College, New York, N. Y. Dec., 1931. 

BALL, Max Waite, 1104 First National Bank Bldg., Denver, Colo. Dec., 1924. 

BALL, SYDNEY H., 26 Beaver St., New York City. Dec., 1905. 

BANCROFT, JOSEPH A., McGill University, Montreal, Canada. Dec., 1914. 

BARBOUR, ERWIN HINCKLEY, University of Nebraska, Lincoln, Neb. Dec., 1896. 

Barsour, GEORGE B., % Dickinson, 488 West 116th St., New York, N. Y. Dec., 
1930. 

BARRETT, LESLIE PARK, % Inter-State Iron Co., Jones & Laughlin Bldg., VPitts- 
burgh, Pa. Dec., 1923. 

BARTON, DoNALD C., Petroleum Bldg., Houston, Texas. Deec., 1921. 

BARTON, GEORGE H., Boston Soc. of Nat. History, Boston, Mass. Aug., 1890. 

BARTRAM, JOHN G., 2555 Clermont St.. Denver, Colo. Dec., 1930. 

BARTRUM, JOHN ARTHUR, University College, Auckland, N. Z. Dee., 1929. 

BartscuH, Pact, U. S. National Museum, Washington, D. C. Dee., 1917. 

Bascom, FLORENCE, U. S. Geological Survey, Washington, D.C. August, 1894. 

BASSLeER, Ray Smirnu, U. S. National Museum, Washington, D. C. Dee., 1906. 

BAstIn, Epson S., University of Chicago, Chicago, Ill. Dec., 1909. 

BATEMAN, ALAN Mara, Yale University, New Haven, Conn. Dec., 1916. 

BAvER, CLYDE MAx, Route 3, Box 61, Boulder, Colo. Dece., 1923. 

BAYLEY, WILLIAM S., University of Illinois, Urbana, Ill. Dec., 1888. 

BEAN, Ernest F., Wisconsin Geological and Natural History Survey, Madison, 
Wis. Dec., 1926. 

BeEeve, JosuHua W., Indiana University, Bloomington, Ind. Dec., 1902. 

BEEKLY, ALBERT L., 1106 Cosden Bldg., Tulsa, Okla. Dec., 1925. 

BEHRE, CHARLES H., Jr., Northwestern University, Evanston, Ill. Dece., 1929. 

BELL, WALTER A., Victoria Memorial Museum, Ottawa, Canada. Dec., 1923. 

Benson, W. N., University of Otago, Dunedin, New Zealand. Dec., 1919. 

BERKEY, CHARLES P., Columbia University, New York, N. Y. August, 1901. 

Berry, EpwarD WILBER, Johns Hopkins University, Baltimore, Md. Dec., 1909. 

Berry, WILLARD, Ohio State University, Columbus, Ohio. Dec., 1930. 

Bevan, ARTHUR C., Virginia Geological Survey, University, Va. Dec., 1926. 

BiLtinGs, MARLAND [., Harvard University, Cambridge, Mass. Dec., 1929. 
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BILLINGSLEY, Pau, 1027 Continental Natl. Bank Bldg., Salt Lake City, Utah. 
Dec., 1922. 

BLACKWELDER, Exiot, Leland Stanford Jr. University, Stanford University, 
Calif. Dec., 1908. 

BLANCHARD, ROLAND, Mount Isa Mines, Ltd., Mount Isa, Queensland, Australia. 
Dec., 1931. 

Boos, MARGARET FULLER, Geol. Dept., Empire Oil & Refining Co., Bartlesville, 
Okla. Deec., 1931. 

BouTWELL, JoHN M., Continental National Bank, Salt Lake City, Utah. Dec., 
1905. 

Bowen, CHARLES F., % Standard Oil Co., 26 Broadway, New York City. Dec., 
1916. 

Bowen, N. L., Geophysical Laboratory, Washington, D.C. Dec., 1917. 

Bowler, WILLIAM, U. S. Coast and Geodetic Survey, Washington, D.C. Dec., 1919. 

Bowman, ISAIAH, American Geographical Society, Broadway at 156th St., New 
York City. Dec., 1924. 

BraDLey, WiLMor H., U. S. Geological Survey, Washington, D. C. Dec., 1927. 

BRANNER, GEORGE C., State Geological Survey, Little Rock, Ark. Dec., 1931. 

Branson, Epwin Bayer, University of Missouri, Columbia, Mo. Dec., 1911. 

Bretz, J. HArLeN, University of Chicago, Chicago, Ill. Dee., 1917. 

Brock, ReGinaLtp W., Univ. of British Columbia, Vancouver, B. C. Dec., 1904. 

Broperick, T. MONTEITH, Calumet and Hecla Mining Co., Calumet. Mich. Dec.. 
1921. 

Brokaw, A. D., P. O. Box 163, Short Hills, N. J. Dec., 1920. 

Brown, Barnum, American Museum of Natural History, New York. N. Y. Dec., 
1910. 

Brown, CHARLES W11son. Brown University, Providence, R. 1. Dee., 1908. 

Brown, JouHn Starrorp, Expl. Dept., St. Joseph Lead Co., Edwards, N. Dee., 
1922. 

Brown, THOMAS CLACHAR, Laurel Bank Farm, Fitchburg, Mass. Dece., 1915. 

Bruce, E. L., Queen’s University, Kingston, Ontario. Dec., 1920. 

Bryan, Kirk, Geological Museum, Oxford St., Cambridge, Mass. Dec., 1922. 

Bucu_er, W. H., University of Cincinnati, Cincinnati, Ohio. Dec., 1920. 

Buppincton, A. F., Prospect Ave., Princeton, N. J. Dec., 1919. 

BUEHLER, HENRY ANDREW, Rolla, Mo. Dec., 1909. 

BurcuHArpD, FE. F., U. S. Geological Survey. Washington, D. C. Dec., 1920. 

Bur.ines, LANCASTER D., P. O. Box 711, Kansas City, Mo. Dec., 1917. 

Bort, Freperick A., Agricultural and Mechanical College, College Station, Texas. 
Dec., 1929. 

BurRWASH, Epwarp M. J., Dept. Mines, Parliament Bldgs., Toronto, Canada. 
Dec., 1916. 

Butter, Bert S., U. S. Geological Survey, Golden, Colo. Dec., 1912. 

But er, G. MontaGueE, College of Mines, Tucson, Arizona. Dec., 1911. 

Butts, CHARLES, U. S. Geological Survey, Washington, D. C. Dec., 1912. 

Buwa pa, J. P., Institute of Technology, Pasadena, Calif. Dec., 1920. 

Byser, HALBeErt P., Dixie Oil Co., San Angelo, Texas. Dec., 1926. 

Capy, G. H., Illinois Geological Survey, Urbana, Ill. Dec., 1920. 

CALHOoUN, FrepD Harvey HALL, Clemson College, S. C. Dec., 1909. 
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CALKINS, FRANK C., U. S. Geological Survey, Washington, D. C. Dec., 1914. 

CAMPBELL, Henry D., Washington and Lee Univ., Lexington, Va. May, 1889. 

CAMPBELL, Marius R., U. S. Geological Survey, Washington, D.C. Aug., 1892. : 

CAMSELL, CHARLES, Department of Mines, Ottawa, Canada. Dec., 1914. “ ae 

Capes, STEPHEN R., Jr., U. S. Geological Surv., Washington, D.C. Dec., 1911. ; 

CARMAN, J. ERNEST, Ohio State University, Columbus, Ohio. Dee., 1917. 

CARNEY, FRANK, B. U. Station Box 397, Waco, Texas. Dec., 1908. 

Case, ERMINE C., University of Michigan, Ann Arbor, Mich. Dec., 1901. 

CHADWICK, GEORGE H., 175 Bridge St., Catskill, N. Y. Dee., 1911. r 

CHAMBERLIN, Roun T., University of Chicago, Chicago, Ill. Dec., 1913. 

CHANEY, RaLpu W., Carnegie Institution of Washington, Berkeley, Calif. Dec., 
1926. 

CHENEY, Monroe G., Anzac Oil Corporation, Coleman, Texas. Dec., 19380. 

CLAPP, CHARLES IT., State University, Missoula, Mont. Dee., 1914. 

CLAPP, FREDERICK G., 50 Church St., New York City. Dec., 1905. 

CLARK, Bruce L., Bacon Hall, Univ. of California, Berkeley, Calif. Dec., 1918. 

CrarK, F. R.. P. O. Box 981, Tulsa, Okla. Dee... 1919. 

CLARK, GLENN C., Continental Oil Co., Ponea City, Okla. Dee., 1927. 

CLARK, THOMAS H., McGill University, Montreal, Canada. Dec., 1926. 

CvLarK, W. O., Experiment Station, H. S. P. A.. Honolulu, Hawaii. Dec., 1920. 

CLARKE, Epwarp bE Courcy, University of Western Australia, Perth, Western 
Australia. Dece., 1924. 

CLELAND, HeRDMAN F., Williams College, Williamstown, Mass. Dee., 1905. 

CLEMENTS, J. MorGAN, 27 Cedar St., New York City. Dec., 1894. 

Cons, Cottier, University of North Carolina, Chapel Hill, N. C. Dec., 1894. 

CoLE, W. Storrs, Ohio State University, Columbus, Ohio. Dee., 1931. 

CoLEMAN, ARTHUR P., Toronto University. Toronto, Canada. Dec., 1896. 

CoLLieR, ARTHUR J., U. S. Geological Survey, Washington, D.C. June, 1902. 

Cottns, WILLIAM H., Geological Survey. Ottawa, Canada. Dec., 1921. 

Cotony, Roy Jep. Columbia University. New York City. Dee., 1924. 

ConpitT, D. DALE, P. O. Box 426, Santa Monica, Calif. Dec., 1916. 

ConprA, GEORGE E., University of Nebraska, Lincoln, Neb. Dec., 1926. 

CoNNOLLY, JosEePH P., State School of Mines, Rapid City, S. D. Dec., 1930. 

Cook, CHuas. W., University of Michigan, Ann Arbor, Mich. Dec., 1915. 

CooKE, C. WYTHE, U. S. Geological Survey, Washington, D. C. Dec., 1918. 

CorBETT, CLIFTON S., % Gulf Cos., 17 Battery Place, New York, N. Y. Dec., 1925. 

CoryELL, H. N., Columbia University, New York, N. Y. Dec., 1928. 

CosTE, EUGENE, 410 Royal Bank Bldg., Toronto, Canada. Dec., 1906. 

Cotton, LEo ArRTHUR, University of Sydney, Sydney, Australia. Dec., 1924. 

CRAWFORD, RALPH Drxon, 1050 Tenth St., Boulder, Colo. Dec., 1916. 

CRrESSEY, GEORGE B., Syracuse University, Syracuse, N. Y. Dec., 1931. 

CricKMAY, CoLtIn H., University of Illinois, Urbana, Ill. Dec., 1931. 

CroneEIs, Carey, University of Chicago, Chicago, Ill. Dec., 1930. 

CrosBy, IrvING B., 6 Beacon St., Boston, Mass. Dec., 1931. 

Cross, WHITMAN, 101 East Kirke St., Chevy Chase, Md. May, 1889. 

CULVER, GARRY E., 310 Center Ave., Stevens Point, Wis. Dec., 1891. 

CuLver, HAroup E., State College, Pullman, Wash. Dec., 1925. 

CuMINGS, Epcar R., Indiana University, Bloomington, Ind. August, 1901. 
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CUSHMAN, J. A., Sharon, Mass. Dec., 1919. 

Dake, C. L., Missouri School of Mines, Rolla, Mo. Dec., 1920. 

Date, N. C., Hamilton College, Clinton, N. Y. Dec., 1920. 

Day, RecinaLp A., Harvard University, Cambridge, Mass. Dec., 1905. 

Dana, Epwarp SALissury, 24 Hillhouse Ave., New Haven, Conn. Dec., 1908. 

*J)arton, NELSON H., U. S. Geological Survey, Washington, D. C. 

Davis, E. F., 417 E. Randolph St., Glendale, Calif. Dec., 1920. 

*D avis, WILLIAM M., Library, Museum, Cambridge, Mass. 

Day, ArTHUR Louis, Geophysical Laboratory, Washington, D. C. Dec., 1909. 
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*RUSSELL, ISRAEL C. Died May 1, 1906. 
*SAFFORD, JAMES M. Died July 3, 1907. 
Saint JoHN, O. H. Died July 17, 1921. 
*SaLISBURY, ROLLIN D. Died Aug. 15, 1922. 
*SCHAEFFER, CHARLES. Died Nov. 23, 19038. 
Seety, H. M. Died May 4, 1917. 

SENA, J.C. DA Costa. Died June 20, 1919. 
*SHALER, NATHANIEL S. Died Apr. 10, 1906. 
SIEBENTHAL, C. E. Died March 1, 1930. 


1929. 
Peck, FREDERICK B. Died Nov. 2, 1925. 
PENFIELD, SAMUEL L. Died Aug. 14, 1906. 
PENHALLOW, DAvID P. Died Oct. 20, 1910. 


Died August, 1925. 


SLoan, Died Aug. 19, 1926. 
*SMITH, EUGENE A. Died Sept. 7, 1927. 
*Smock, JOHN C. Died April 21, 1926. 
*SPENCER, J. W. Died October 9, 1921. 

SPRINGER, FRANK. Died Sept. 22, 1927. 
*STEVENSON, JOHN J. Died Aug. 10, 1924. 

SutTon, WILLIAM J. Died May 9, 1915. 
Tarr, RALPH S. Died March 21, 1912. 

TIGHT, WILLIAM G. Died: Jan. 15, 1910. 
TILTON, JOHN L. Died Nov. 17, 1930. 
THOMAS, ABRAM O. Died Jan. 13, 1931. 
*TopD, JAMES E. Died October 29, 1922. 
TWITCHELL, M. W. Died Apr. 3, 1927. 
UGLow, WILLIAM L. Died Aug. 3, 1926. 
*VaNn Hise, C. R. Died Nov. 19, 1918. 
VAN INGEN, GILBERT. Died July 7, 1925. 
*VoGpES, ANTHONY W. Died Feb. 8, 1923. 
WACHSMUTH, CHAS. Died Feb. 7, 1896. 
*WapsWorTH, M. E. Died April 21, 1921. 
*WaLcoTT, CHAS. D. Died Feb. 9, 1927. 
Watson, THOMAS L. Died Nov. 10, 1924. 
WELLER, Stuart. Died Aug. 5, 1927. 
WesToN, THOMAS C. Died July 20, 1910. 
*WHITE, ISRAEL C. Died Nov. 25, 1927. 
WHITE, THEODORE G. Died July 7, 1901. 
*WHITFIELD, Rost. P. Died April 6, 1910. 
Wiper, FRANK A. Died March 8, 1930. 
*WILLIAMS, GEORGE H. Died July 12, 1894. 
*WILLIAMS, J. FRANCIS. Died Nov. 9, 1891. 
*WILLIAMS, H. 8S. Died July 31, 1918. 
ArTHUR B. Died May 8, 1914. 
*WINCHELL, ALEX. Died Feb. 19, 1891. 
*WINCHELL, H. V. Died July 28, 1923. 
*WINCHELL, NEWTON H. Died May 1, 1914. 
WoopwarD, Rost. 8S. Died June 29, 1924. 
WoopwortnH, Jay B. Died Aug. 4, 1925. 
WriGut, ALBERT A. Died April 2, 1905. 
*Wricnt, G. F. Died April 20, 1921. 
YEATES, WILLIAM S. Died Feb. 19, 1908. 
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SESSIONS OF MArcH 6 AND 7 


The thirtieth annual meeting of the Cordilleran Section of the Geolog- 
ical Society of America was held at Pasadena, California, on Friday and 
Saturday, March 6 and 7, 1931. 


ELECTION OF OFFICERS 


A business meeting and luncheon was held at the Atheneum, with 16 
Vellows of the Society in attendance. A nominating committee ap- 
pointed by the Chairman, Dr. John P. Buwalda, proposed the following 
officers for the year 1932: Chairman, Charles E. Weaver; Secretary, 
Ralph W. Chaney; Councilor, Eliot Blackwelder. 

The nominees were subsequently elected in a mail ballot conducted 
by the Secretary. 


MEMORIALS 


Memorial of William Diller Matthew, by Bruce L. Clark. 
Memorial of James Perrin Smith, by Harry R. Johnson. 
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The first session of the meetings was called to order by Chairman T. 
Wayland Vaughan at 9:30 A. M. on March 6. A second session was held 
on the afternoon of the same day and two sessions were held on March 7. 

The following papers were presented in the order indicated : 


GEOLOGY OF A PORTION OF THE PERRIS BLOCK, SOUTHERN CALIFORNIA 
BY PAUL H. DUDLEY * 
(Abstract) 

The paper includes a geologic map covering an area of 400 square miles in 
western Riverside County, California, between the towns of Riverside and San 
Jacinto on the northeast and Corona and Elsinore on the southwest. 

Detailed petrographic analyses of the leading rock types are presented. The 
rocks, from oldest to youngest are (1) a large thickness of metamorphics ( Elsi- 
nore series), (2) an extensive body of dacite porphyry (Temescal porphyry), 
(3) a set of plutonic intrusives of the same general age as the porphyry, but 
widely intruding it and with an established internal sequence from gabbro to 
quartz monzonite, with quartz diorites predominating, (4) relatively minor 
sedimentary formations of (a) Eocene age (Alberhill clays) and (b) Pliocene- 
Pleistocene age (San Jacinto series). The evidence suggests that the Temescal 
dacite porphyry represents the shallow, perhaps surficial expression of the 
quartz diorite magma, and that some of the plutonic rocks solidified not far 
below the earth’s surface. 

The recognition of two separate old age surfaces and several cases of super- 
imposed drainage form the basis for the derivation of the physiographic history 
of the region. The Perris “peneplain” was first formed; then it was partially 
buried and the Gavilan peneplain was formed at a higher level; finally the 
Perris “peneplain” was partially exhumed, leaving the drainage superimposed. 


Discussion by Messrs. Ransome, Johnson, Clark, Davis, Engel, and the 
author. 

SEDELMEYVER’S NEW RELIEF MAP OF CALIFORNIA 
BY OLAF P. JENKINS 
(Abstract) 

A new relief map of California has recently been constructed by Mr. H. A. 
Sedelmeyer of the U. S. Forest Service, San Francisco, who has used the latest 
topographic data for its base. The horizontal scale is 12 miles to the inch, 
while the vertical scale is exaggerated eight times. The original model is )uilt 
of cardboards cut along contour lines, 250 foot intervals for the first 1,000 feet 
elevation, and double that for higher altitudes. The principal geologic structure 
lines stand out clearly in relief, especially in the Coast Ranges. 


Johnson suggested desirability of low relief. Discussion by the author. 


* Introduced by A. O. Woodford. 
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GEOMORPHIC FEATURES OF NORTHWESTERNMOST CALIFORNIA 
BY JOHN H. MAXSON * 
(Abstract) 


The geomorphic study herewith presented is one phase of a general geologic 
investigation involving the mapping of the Crescent City and Preston Peak 
quadrangles. Preston Peak (7,310’), is the highest point in the western Sisi- 
you Mountains. 

The area may be conveniently treated in three divisions, passing from west 
to east. 

1. The Coastal Area. The shoreline of Del Norte County is one of emergence. 
The most interesting feature of this province is the Crescent City platform, a 
block down faulted against the oldland block to the east. 

2. The Klamath Oldland. This is an elevated old age surface of sub-aerial 
erosion. It now lies at an altitude varying from 1,400’ near the Coast to 3,000’ 
at the western foot of the Siskiyou Range. 

3. The Siskiyou Range, an upland consisting of a complex of igneous and 
metamorphic rocks raised above the oldland to the west by movement on the 
Orleans reverse fault. High relief and adjustment of the streams to structure 
are indicative of maturity in the present cycle. The high mountain topography 
has been modified by glacial erosion. Recent rejuvenation of the streams has 
occurred. 


Discussion by Messrs. Clark, Blackwelder, and Lawson. 


CRETACEOUS OF CENTRAL ARGENTINA 
BY CHARLES FE. WEAVER 
(Abstract) 


Cretaceous strata of marine and continental origin are abundantly repre- 
sented in the eastern slopes of the Andes Mountains of Central Argentina. 
The lower third from the base of the Berriasien to Middle Aptien is largely 
marine with a complete sequence of characteristic invertebrate faunas. The 
Middle Cretaceous, including the Upper Aptien, Albien, Cenomanien, Turonien 
and lower part of the Senonien is composed of a thick series of continental 
red beds. The Upper Senonien together with the Maestrichtien and a part of 
the Danien is marine and contains a fauna introduced from the Atlantic and 
closely allied biologically with that of Northern Africa. The total aggregate 
thickness of these beds is nearly 6,000 meters.. 

The geologic history involving the deposition of the Cretaceous strata is 
interpreted as follows: Early in the Jurassic or late Triassic there was de- 
veloped in the western part of the South American land mass a northwest and 
southeast trending downward which became flooded with waters entering from 
the Pacific, bringing marine Jurassic faunas in part of Asiatic and in part 
of European affinities. Although partially drained at times, this embayment 


* Introduced by J. P. Buwalda. 
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continued throughout the Jurassic and into the Cretaceous up to the middle of 
the Aptien. The Lower Cretaceous faunas are closely allied to those of South 
Africa and France. During the Aptien this embayment became drained almost 
completely and upon its site, together with the surrounding land, continental 
red beds accumulated. At some time after the Early Eocene these beds were 
folded sharply, forming the first Andean Range. The second and present range 
‘ame into existence probably at or near the close of the Tertiary. 


Discussed by Messrs. Muller and Lawson. 


GEOLOGY OF THE SOUTHWEST QUARTER OF THE ELSINORE QUADRANGLE 
BY RENE ENGEL * 
(Abstract) 


The area investigated includes parts of the southwest margin of the Perris 
block, the Elsinore trough, the southeastern extremity of the Santa Ana moun- 
tains, and the Elsinore mountains. 

The oldest rocks consist of metamorphics of igneous effusive and sedimen- 
tary origin, probably of Triassic age. They are intruded by diorite and vari- 
ous hypabyssal rocks, then in turn by the granitic rocks, which occupy a large 
portion of the area. Following this last igneous activity of probable Upper 
Jurassic age, a period of sedimentation started with the Upper Cretaceous and 
continued during the Lower Eocene under alternating marine and continental 
conditions. A marine regression during the Neocene accounts for the absence 
of younger Tertiary strata. 

Outpouring of basalts to the southeast indicates that igneous activity was 
resumed toward the close of the Tertiary. 

The fault-zone, which characterizes the Elsinore trough, marks one of the 
major tectonic lines of Southern California. Most of the faults are normal in 
type and nearly parallel to the general trend of the trough or intersect each 
other at an acute angle. Vertical displacements generally exceed the hori- 
zontal ones and several dates of activity are recognized. Tilting of Tertiary 
and older Quarternary sediments in the trough have produced broad synclinal 
structures. At least two old erosion surfaces are present on the high lands. 


Discussed by Messrs. Reed, Johnson, Clark, and Lawson. 


RECONNAISSANCE IN THE SOUTHERN PANAMINTS AND OF ASHFORD CANYON 
IN THE BLACK MOUNTAINS 


BY JOHN E, WOLFF 
(Abstract) 

The paper describes the rocks and physiographic features of Butta Valley 
and Ashford Canyon, two areas on the eastern slope of the Panamint Moun- 
tains tributary to Death Valley. The locality is of added interest because the 
writer has established that the Manly Death Valley party of 1849-50 crossed 
the Panamint Range in that vicinity. 


* Introduced by J. P. Buwalda. 
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EXTENT OF THE PALEOCENE SEA IN THE SOUTHERLY PART OF THE TEJON 


QUADRANGLE, CALIFORNIA 
BY THOMAS CLEMENTS * 
(Abstract) 


A series of sediments of Paleocene age extends across the southerly part of 


the Tejon quadrangle in a belt two to three miles wide and ten to twelve miles 
long. The general trend of the formation is somewhat north of west, and it is 
known to continue into the Elizabeth Lake quadrangle to the east for another 
five or six miles, where it pinches out between two faults. To the west it is 
overlapped by younger formations. 

Rocks that are strikingly similar lithologically outcrop again in the lower 
narrows of Piru Creek, and probably are a westward extension of the same 
series, but at present paleontologic proof is wanting. 


Discussed by Dr. Clark. 


COMPILATION OF THE GEOLOGY OF THE MOUNT SHASTA QUADRANGLE, 
CALIFORNIA 


BY OLAF P. JENKINS 
(Abstract) 


A general geologic map of the greater part of Mount Shasta quadrangle (a one 
minute sheet, scale 1 : 250,000) has been compiled from the areal geology of 
individual township plats supplied by the Geological Department of the South- 
ern Pacific Company. Compilation and field checking, together with a special 
study of the ore-deposits of the region has been accomplished by Mr. Chas, V. 
Averill, District Mining Engineer of the California State Division of Mines. 

The following geological units are shown on the map: 

SEDIMENTARY Rocks: (1) Alluvial and glacial deposits. (2) Chico forma- 
tion (Upper Cretaceous). (3) Bragdon formation (Mississippian). (4) Early 
Paleozoic and possibly pre-Paleozoic sediments and schists, which include 
Kennett formation (Middle Devonian), shale, slate, sandstone and limestone 
lenses. (5) Abrams schist (pre-Devonian) metamorphic sedimentary. 

Igneous Rocks: (1) Tertiary and Quarternary volcanics (lavas and some 
sediments) on east half of quadrangle. (2) Intrusive rocks of unknown age 
(andesite, diorite, granodiorite, gabbro, serpentine). (3) Greenstone and Cop- 
ley meta-andesite. (4) Salmon schist. (Last two units are pre-Devonian). 

The map represents a contribution to the new State geologic map now under 
construction. 

AGE OF THE AURIFEROUS GRAVELS 
BY RALPH W. CHANEY 
(Abstract) 


Recent collections of fossil plants in the Auriferous Gravels of Plumas, Butte 
and Nevada Counties, California, definitely indicate that several Tertiary 
horizons are represented. From a new locality in Plumas County typical 


* Introduced by J. P. Buwulda. 
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Evcene species have been collected which correlate these deposits with the 
section at Cherokee, north of Oroville, from which an Eocene flora has previ- 
ously been reported. The Buckeye Flat locality in Nevada County, which may 
represent the original Chalk Bluffs locality of Lesquereux, has a similar but 
possibly younger flora. A new locality at the Oakvale Mine, also in Nevada 
County, furnishes a typical middle Miocene flora which contains miany of the 
species characteristic of the Mascall Miocene of Oregon. It is clear that the 
Auriferous Gravels were deposited during a considerable portion of the Ter- 
tiary, ranging from Middle Eocene into the Miocene. 


Discussion by Mr. Lawson. 


RILLED LIMESTONE 
BY J. D. LAUDERMILK AND A, 0, WOODFORD 


(Abstract) 


In arid regions loose pieces or outcrops of limestone sometimes develop rather 
fine, meandering, often radiating systems of grooves. Such rocks have been 
named Rillensteine by the Germans. They have been explained in several ways, 
some recent writers favoring wind erosion and others etching by various pro- 
cesses of solution. As a result of field studies in Southern California, supple- 
mented by experiments, the authors suggest the probability that most, if not all, 
such rills originate by solution, with later polishing of some occurrences by 
silt-laden winds. 


Discussed by Messrs. Blackwelder, L. H. Miller, and the author. 


SHORELINES OF THE SANTA MONICA MOUNTAINS, CALIFORNIA 
BY W. M. DAVIS 
(Abstract) 

Remnants of an abraded platform, slanting seaward from the earliest or 
Malibu shoreline, which is believed to have been developed to a maturely simple 
pattern along the 30 miles of the mountain slope that dipped into the ocean, 
have been found at several new localities. The second or Dume platform, 
abraded after a moderate emergence of the Malibu platform, is believed to 
have had two cusps that lay mostly below the Malibu level. A slight flexure 
of the mountain mass raised this platform along the eastern half of the moun- 
tain border, so that its shore line now stands nearly 300 feet above sea level. 
The earlier or Malibu platform necessarily took part in this deformation. The 
abrasion of the present or Monic shoreline has nearly consumed all of the 
Dume platforms and the remnants of the Malibu platform along most of the 
coast; but both survive in the triangular cusp of Pt. Dume. The inferred 
western cusp of the Dume shoreline, being partly submerged, has been trun- 
cated by the retreat of the Monic shoreline. 

When the Malibu and the Dume platforms merged they were left thinly clad 
with marine detritus, and therefore constituted young coastal plains a few 
niles in width with a faint seaward slope. i 


Discussion by Messrs. Clark, Eaton, Hoots, and Davis. 
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SEDIMENTS OF DAVIS STRAIT * 
BY PARKER D. TRASK 


(Abstract) 

This paper presents detailed mechanical analyses and brief petrologic de- 
scriptions of 27 bottom samples from Davis Strait. The practicability of the 
fundamental constants of the size distribution of sediments, namely the median 
diameter, and the coefficients of skewness and sorting, is discussed. The de- 
posits contain much ice-borne detritus. Faceted subrounded rock fragments 
are fairly uniformly distributed in the sediments over the entire region. 

The texture of the sediments varies with the configuration of the sea bottom 
and with the surface currents and tides. The deposits are relatively coarse on 
steep slopes and also in Hudson Strait, off Cumberland Bay and on the trans- 
verse ridge across Davis Strait about Lat. 65°. In most of these areas the 
water is several hundred fathoms’ deep and the sediments are well sorted. This 
indicates that the surface currents extend with significant velocity to the sea 
bottom. The presence of one to four per cent of frosted, well-rounded sand 
grains suggests an eolian origin of some of the constituents. 


Discussed by Mr. Blackwelder. 


INTERSEQUENT, A NEW TYPE OF STREAM 
BY JOHN P. BUWALDA 
(Abstract) 

The perennial or intermittent streams which flow down from the radii of 
alluvial fans, usually in arid or semi-arid regions, have been termed dautocon- 
sequent. Directly, or underground through the fans and then through springs 
at the fan margin, they are tributaries of the much longer drainageway which 
parallels roughly ‘the long axis of the valley into which the fans are being 
built. Because this relatively long trunk follows a course between the toes or 
margins of opposing fans, the name intersequent is proposed for this type of 
stream. Thousands of miles of intersequent streams exist in our western 
states, with persistence of flow varying from continuous to infrequent. Often 
parts of quite large or long streams are intersequent. 

While most closely related to the consequent stream the intersequent type 
has a very different nature and history. Its position and habits are deter- 
mined directly by alluvial fan building and only indirectly, or not at all, by 
such tectonic movements as usually inaugurate consequent streams. 


Discussion by Messrs. Ransome, Woodford, Lawson, Buwalda, Davis, 
and Eaton. 


*This paper represents results arising from an investigation on ‘The Origin and 
Environment of Source Beds of Petroleum,” listed as Project 4 of the American Petro- 
leum Institute Research Program. Financial assistance in this work has been received 
from a research fund of the American Petroleum Institute donated by Mr. John D. 
Rockefeller. This fund is being administered by the Institute with the cooperation of 
the National Research Council. The sediments were collected by the U. S. Coast Guard 
Marion Expedition to Davis Strait under leadership of Commander Edward H. Smith. 
For further details see U. S. Treasury Department Coast Guard Bulletin 19. 
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PHYSIOGRAPHIC HISTORY OF THE COLORADO RIVER 
BY ELIOT BLACKWELDER 
(Abstract) 


A study of the Detrital and Sacramento Valleys in Western Arizona indicates 
that the river did not at an earlier stage excavate and later aggrade them, as 
believed by W. T. Lee. During the Pleistocene period their history has been 
largely one of denudation interrupted by minor episodes of aggradation by local 
torrents. 

In the Miocene and Pliocene deposits along the Colorado Valley, from the 
mouth of the Grand Canyon to Yuma, no definite evidence of a large river has 
been found. They are all local formations of the type made by short streams 
in interior basins under a rather arid climate. 

The readable history of the Colorado River seems to begin with the Pleisto- 
cene period. <A study of terraces and Pleistocene deposits indicates that it is 
largely a story of downward erosion with a few halts and one or two epochs of 
aggradation. 

Most previous writers believed that the river existed during the Tertiary 
periods; but the evidence in favor of this view is scanty. If the Colorado did 
not follow its present course, available facts do not indicate that it followed 
any other. 

It is here suggested that the river did not even exist in Miocene and Pliocene 
time, but that the region was one of desert basins; that the Wyoming-Colorado 
region Was then rather low and its climate too dry to generate a large river; 
that the re-elevation of the Rocky Mountain province about the end of the 
Pliocene period induced added rainfall sufficient to cause an overflow from 
one basin to another until an outlet was found in the Gulf of California; and 
that the modern Colorado River system was thus integrated in a somewhat 
accidental manner by the joining of many iocal centripetal systems. 


Discussion by Messrs. Jenkins, Eaton, Stock, Ransome, H. R. Gale, 
Buwalda, Davis, and the author. 


ANOMALOUS MORAINES IN OREGON 
BY EDWIN T. HODGE 
(Abstract) 


A moraine-like deposit occurs on the south side of the Columbia River near 
Arlington, Oregon. This deposit is characterized by true kettle topography 
and many glacial erratics, some 10 feet in diameter. The material is chiefly 
gravel and it lies on slightly dissected Arlington stream and lake beds or on 
Columbia River Basalt formation. The moraine occurs in five patches which 
lie from 1 to 4 miles from the Columbia River canyon rim, An area lying east 
of the Cascade Mountains 120 miles long by 10 to 20 miles north of the Columbia 
and 20 to 75 miles south of the Columbia River has been thoroughly examined 
Without finding other occurrences of morainal material. The only favored 
explanation for it is that a great iceberg jam occurred on the south and east or 
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upstream side of the highest residual Arlington lake beds, which by water- 


shove crowded the thick stream gravels around the bergs and over the Arling- 


ton stream and lake beds. The lakes so formed spilled over into Alkali 
Canyon and the present Columbia River; when drained it left the icebergs 
stranded and thus formed the moraine. The moraines are older than the 
Columbia River for if the river had been present the bergs would have carried 
through, or if not then a moraine would have been left on the river’s edge. 
These moraines make possible an explanation of a number of otherwise in- 
explicable stream anomalies of Alkali and Willow Creeks and the Columbia 
and John Day Rivers. 


Read by title. 
FAULT TROUGH SEDIMENTATION 
BY BRUCE L, CLARK 
(Abstract) 


The writer, in previous papers, has maintained that the Cretaceous and 
Tertiary basins of deposition in the Coast Ranges were fault troughs. The 
present paper discusses the conditions of deposition in such basins and con- 
trasts these with deposition on continental shelves or in shallow warped basin 
areas. 

The most important characteristics of fault trough sedimentations are: 

1. Great thicknesses of sediments along the faulted margins of the basins. 

2. The sediments have been dumped into the basins across the bounding 
faults; conglomerates and coarse clastics of marine origin often are measure- 
able in thousands of feet. 

3. Abrupt overlaps are distinctive of fault trough deposits, in going from the 
basin areas across the faults which separate them from the adjoining positive 
areas. 

4. Alluvial fans are characteristic of fault trough deposition. 

5. Under marine conditions the positive blocks surrounding a fault trough 
may be beveled down by wave action and then covered by marine deposits. 
Later uplifts cause the material to be stripped and incorporated as basal con- 
glomerates in the basins where deposition has been continuous. In these cases 
often the same faunas are found in the conglomerates as in the beds above 
and below. Basal conglomerates of this type are characteristic of fault trough 
deposition, and are not distinctive of unconformities. 


CLASSIFICATION OF PHYSIOGRAPHIC TYPES IN THE COAST RANGES 
OF CALIFORNIA 
BY BRUCE L. CLARK 
(Abstract) 


The principal thesis of this paper is that different types of blocks in the Coast 
Ranges show different types of physiography, and that the deformation has 
been so recent and so constant that blocks of the same type have suffered 
different amounts of deformation and uplift. The result has been that it is 
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not possible to correlate surfaces over any great distances and, in some cases, 
even for short distances. The unraveling of the physiographic history of the 
urea must be sought by means of structural geology. A complete understand- 
ing and interpretation of the physiographic development is not possible with- 
out a knowledge of the tectonic development of the Coast Ranges. 


Discussed by Messrs. Davis, Maxson, Eaton, H. R. Gale, and Engel. 


LAST GLACIAL CYCLE AND ITS TILLS TITLES 
BY CHARLES KEYES 
(Abstract) 


Recent determination that the till-sheet of the Last, or Wisconsin, Glacial 
epoch, as it is known in the Mississippi basin, is a four in one affair, instead 
of a single, simple till, as so long commonly regarded, puts an altogether differ- 
ent aspect on glaciation phenomena, from that ordinarily entertained. More- 
over, it imparts a genetic significance to the Glacial problem which is funda- 
mental, and, at the same time, there are revealed causal processes that never 
before have been considered satisfactorily. 

Whereas in our four-phase Last Glacial cycle the Cordilleran ice dispersion 
is probably from a single center, in the continental interior it is unquestion- 
ably scattered, each phase or stage having a different center. So in America 
our Last Glacial epoch is really, according to the represented tiils, a four- 
stage, five-centered cycle. 

The nomenciature of the tills becomes complicated. Instead of only a single 
till title, as it is customary to refer to, there are now more than a dozen to 
consider in regard to the Wisconsin glaciation alone; and nearly half a hun- 
dred for the northern hemisphere altogether. 

In the Sierra Nevada it is not probable that of the several glaciations re- 
ported, there are any other tills represented than those of the four-stage Wis- 
consin epoch, 


Read by title. 


MECHANICS OF GEOGRAPHIC OVERTHRUSTING 
BY CHARLES KEYES 
(Abstract) 


Recent returns from the mines rather than from geological fields, show that 
in overthrust phenomena the thrust-block is not always a single, unbroken 
plate pushing horizontally over another rock-sector, but is repeatedly broken 
by vertical, parallel ruptures into a group of minor plates, all moving forward 
together to be sure, but each at a different speed from the others. From the 
front of the escarpment face of such a thrust-block the vertical slip-planes 
have all the appearance of normal faults, and they are invariably recorded as 
such. In the House range, of western Utah, for instance, which is commonly 
looked upon as the type of normal Basin Range structure, Gilbert’s original 
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field-sketch of this west face, which he portrays as a longitudinal, normal 
fault-scarp, transversely faulted, is represented: with the vividness of black- 
board diagram, an ideally perfect exemplification of a differentially advancing 
thrust-block, and it is the finest graphic representation extant of the phenom- 
enon, Whatever may be the facts in this case. 

The expression is probably an essential property of mountain over-thrust 
generally. The shattered over-thrust block is known to characterize a number 
of Great Basin ranges; how far it is actually represented only time can tell. 


Read by title. 


CHEMISTRY OF THE CALIFORNIA IGNEOUS ROCKS GRAPHICALLY REPRE- 
SENTED BY THE NIGGLI-BECKE METHOD 


BY CHARLES 8S. BACON, JR.* 


(Abstract) 

The Niggli-Becke chemical classification of rocks, recently developed in 
Central Europe, is presented because of its ready application to all classes of 
rocks as a means of determining their genetic relationships and origin. The 
classification affords a ready comparison of the main chemical constituents : 
Al. 0. is treated as one unit, the sum of Fe. 0. FeO and MgO as a second unit, 
te 20 as a third unit, and the alkalies as a fourth unit of a 4- -component system. 
The whole system is represented by a concentration tetrahedron which is graph- 
ically represented as a rectangular diagram showing top and side views of the 
tetrahedron. Three other values, SiO,, the ratio of K,O to the alkalies, and 
the ratio of MgO to the sum of MgO and FeO are given by values which are 
strictly comparable to the values of the main 4-component system. These 
additional values can be plotted to advantage alongside the rectangular dia- 
gram. The rock-forming minerals can be plotted along with the rock analyses 
to bring out the relationships between chemical and mineralogical compositions 
of rocks. The distinguishing characteristics of the three great classes of rocks 
(igneous, sedimentary and metamorphic) are defined. The applicability of the 
classification is brought out by the graphical study of the igneous rocks of 
California, Arizona and Nevada. 


Discussion by Messrs. Engel, Bacon, Lawson, Woodford, and the author. 
CHROMITE IN THE DUNITE OF NORTHWESTERN SISKIYOU COUNTY, 
CALIFORNIA 
BY AUSTIN F. ROGERS 


(Abstract) 


Near Siead Valley, west of Hamburg, chromite deposits are found in dunite 
and serpentinized dunite. A typical feature of some of the occurrences is 
banded chromite ore consisting of alternating layers of dunite and chromite. 

A preliminary study of these ores indicates that the chromite was formed 
at a late magmatic stage as in other types of magmatic ores. 


Discussed by Messsrs. Lawson, Larsen, Ransome, Engel, and the author. 


* Introduced by A. O. Woodford. 
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GEOLOGIC CONSIDERATIONS AFFECTING THE CHOICE OF A ROUTE FOR THE 
COLORADO RIVER AQUEDUCT 


BY F. L. RANSOME 
(Abstract) 


The essential problem is to establish, and to maintain uninterruptedly, a flow 
of 1,500 second-feet of water by tunnel and conduit across a rugged country for 
a distance of from 250 to 300 miles. The region to be traversed is divisible into 
two parts—one characterized by more or less isolated mountain ranges sep- 
arated by detritus-filled desert basins; the other by a fairly continuous moun- 
tain belt, bordered on the southwest by coastal plains. 

In the interior division, probably active faults are rare, and the chief obstacles 
to aqueduct construction are the desert basins, most of which are known to be 
deeply filled with unconsolidated alluvial material, in part water-bearing. Sub- 
surface geological conditions in these basins are only imperfectly determinable 
and the running of long tunnels beneath them might, in certain places, prove 
to be impracticable. By placing pumplifts at necessary places on the line, 
crossing the principal basins by surface conduit, and restricting the tunnelling 
to the exposed parts of mountain ranges, whose geological constitution and 
structure can be ascertained, such formidable difficulties as are presented by the 
interior section of the route are avoided. 

In the coastal division of the area, the most serious obstacles are the north- 
west-southeast zones of more or less active faulting, notably the San Andreas 
Rift, which the aqueduct must cross. Reasonable prudence dictates that major 
fault zones, on which movement may occur at any time, should be crossed on the 
surface, rather than by a tunnel. Moreover, the length of aqueduct exposed to 
damage by movement on any particular fault zone should be as short as possible. 

The paper discusses the geological advantages and disadvantages of certain 
possible routes and outlines the geological conditions which, in connection with 
economic and engineering considerations, led to the choice of the Parker route. 


Discussion by Messrs. W. M. Davis, Lawson, Larsen, Cloos, and the 
author. 


STRATIGRAPHY OF THE BEDROCK COMPLEX OF THE SIERRA NEVADA 
OF CALIFORNIA 


BY N. L. TALIAFERRO 
(Abstract) 


The recognized divisions of the bedrock complex are wholly inadequate and 
they ignore a very extensive and important rock group. This group is made up 
of tuffs, flows, and agglomerates with interbedded sediments of very distinctive 
character in which radiolarian cherts predominate. The sediments, including 
a little interbedded tuff, have a maximum thickness of 1,100 feet in Mariposa 
and Tuolumne Counties. These sediments are interbedded with and included 
in a very thick series of tuffs, flows, and agglomerates, usually andesitie in 
character. 
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For this group of rocks the name Tuolumne is proposed, from the county of 
that name in which they are well developed. It occurs in two or more parallel 
belts along the lower western slope of the Sierra between the Merced-Yosemite 
highway on the south and Grass Valley on the north, a distance of 135 miles. 

Although no organic remains, other than radiolaria, have been found, it is 
thought that the Tuolumne group represents a part of both Triassic an Jurassic 
time. The Milton and Sailor Canyon formations of the easternmost part of 
the Sierras are probably more or less contemporaneous with it. 

The close and constant association of the radiolarian cherts and siliceous 
slates with voleanic rocks indicates that the latter were the source of the silica. 
The volcanics also were the source of the manganese and iron. 


Read by title. 


STRUCTURAL AND METAMORPHIC HISTORY OF A PRE-ORDOVICIAN GNEISS 
IN THE WENATCHEE-CHELAN DISTRICT, WASHINGTON 


4 


BY AARON C. WATERS * 


(Abstract) 


In the Entiat Mountains of central Washington a gneiss, originally made up 
of a varied assemblage of rocks, partly of sedimentary and partly of igneous 
origin, has been developed by such thorough recrystallization that the original 
character of the rock prior to metamorphism must be deduced largely from the 
mineralogical character of the metamorphic derivatives rather than from relict 
or palimpsest structures. 

The foliae of the gneiss form a broad, flat-topped anticlinal arch with a north- 
west-southeast trend. Deep stream incisions across this arch reveal a pegma- 
titic injection zone at its core. 

After the intrusion of the pegmatites marked mechanical movements affected 
the gneiss, producing cataclastic structures and developing flat thrusts along 
which zones of mylonite are found. 

Following this episode of mechanical deformation the gneiss was intruded by 
a batholith of basic granodiorite, presumably of late Jurassic age. 

It is of interest that the post-Mesozoic structural features of the region 
follow the northwest-southeast trends of the older metamorphic and plutonic 
rocks. 

Discussed by Messrs. Jenkins, Wolff, Lawson, Bacon, Davis, Peters, and 
the author. 

MIOCENE VOLCANISM 
BY HOYT S. GALE AND HOYT RODNEY GALE 
(Abstract) 

The great quantity and extensive distribution of Miocene volcanic rocks indi- 
eates that the Miocene was a time of intense voleanic activity in western United 
States. The evidence seems to indicate that the volcanism was concentrated 


chiefly in the Miocene epoch and that such volcanism as occurred earlier or later 


* Introduced by Eliot Blackwelder. 
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in the Tertiary was generally of less importance. The position of volcanic de- 
posits in the marine section along the Pacific Coast furnishes the most reliable 
evidence by which volcanic activity can be dated; and in the interior, verte- 
brates furnish important confirmation where the relations of the vertebrate 
fossil deposits to the volcanic sequence can be ascertained. Taken in a regional 
way, volcanic activity increased from comparatively small beginnings in the 
early Miocene to a peak in the middle Miocene and decreased again toward the 
close of the Miocene. 

In the coastal area one of the most important effects of volcanism is seen in 
the characteristically siliceous composition of some of the sedimentary deposits, 
as in the well-known siliceous shales of the Monterey formation. This is true 
not only of the marine sediments along the Coast but also of the lacustrine 
deposits of the interior. 

It seems that this period of very active volcanism is characteristically asso- 
ciated with the Miocene in other parts of the world. If, by review, it can be 
shown that this same relation holds over a considerable area, then the associa- 
tion of intense voleanic activity with one geologic epoch has an important bear- 
ing on theories about the internal structure of the earth. 


Discussion by Messrs. Larsen, Trask, Hanna, Miller, Chaney, Waters, 
Woodford, Clements, Hoots, Eaton, Gazin, and the author. 


SANTA CATALINA MOUNTAINS, ARIZONA z 
BY W. M. DAVIS 
(Abstract) 


The Santa Catalina Mountains, which rise along the northern side of the 
Tucson intermont plain in southeastern Arizona, present a new kind of simple 
variant from the typical tilted faultblock of the Basin Ranges. Previously de- 
scribed simple variants show two kinds of minor secondary movements, after 
a major primary movement had permitted the well-advanced dissection of the 
range block. The first kind, exemplified by the Panamint Range, has brought 
to light a previously invisible part of the fault surface as an inclined rock wall 
between the well-carved part of the original block, now again uplifted, and the 
detrital bahada, now depressed; and in consequence of this, the rock wall is 
now sharply trenched by ragged, silt-like ravines and the depressed bahada is 
buried under new detritus. The second variant is exemplified only by the 
Galiuro Range of southeastern Arizona, where the secondary movement did not 
renew the primary faulting, but uplifted both the dissected fault-front of the 
original block and its piedmont bahada and in consequence of this, the range 
front is now subjected to deeper dissection than before and the bahada is suffer- 
ing dissection instead of aggradation. 

The Santa Catalina Mountains exhibit a third kind of secondary movement. 
which has raised the base of the northern or back slope of the well-dissected 
fault block by 1,000 feet and slightly depressed its southern or fault face, with 
the result of causing an elaborate dissection of the long back-slope bahada and 
a rise of the frontal bahada higher than before on the mountain face. 
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MECHANISM OF THE INTRUSION OF THE GRANITE MASSES BETWEEN MONO 
LAKE AND THE MOTHER LODE 


BY ERNST CLOOS 
(Abstract) 


The methods developed and used by Dr. Hans Cloos and his friends have been 
applied and greatly extended in this survey of the Sierra Nevada. 

The batholitic masses are found to be composed of a number of partial intru- 
sions, each with its own primary structural individuality. The movements 
comprise larger units with increasing rigidity and overlap petrographic boun- 
daries. Conclusions are drawn relating to the succession and path of the in- 
trusions on the basis of the elements of the “Granittektonik.” 


Discussed by Messrs. Blackwelder, Eaton, Miller, and the author. 


STRUCTURAL CRYSTALLOGRAPHY 
BY AUSTIN F. ROGERS 
(Abstract) 


For the branch of science concerned with the internal structure of crystals 
various terms such as leptonology or leptology, roentgenography, crystal stereo- 
chenistry, new or modern crystallography, and X-ray crystallography have been 
suggested. 

For this division of crystallography I propose the name structural crystallog- 
raphy, co-ordinate with geometrical, physical, and chemical crystallography. 
“Crystallography” should be employed in a broad sense and not in the restricted 
sense of geometrical crystallography. 

Attention is called to some of the important events in the development of 
structural crystallography. Two main periods may be recognized: (1) the 
mathematical period extending from about 1849 down through the first decade 
of the twentieth century, and (2) the experimental period extending from the 
epoch-naking discovery of Laue in 1912 down to the present. 


Discussion by Mr. Engel. 


STRUCTURE OF THE EARTH’S CRUST AS DERIVED FROM SEISMOGRAMS 
BY BENO GUTENBERG * 
(Abstract) 


The waves starting from the epicenter of an earthquake follow different paths 
through the interior of the earth. If we have a certain number of diagrams 
from the neighborhood of an epicenter we can calculate the velocities of the 
waves in the different layers, the thickness of these layers and their elastic con- 
stants. By comparing these values with those found in laboratories we can 


* Introduced by J. P. Buwalda. 
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make some statements on the material of the different layers of the earth's 
crust. Results for different regions of the earth are given. 


Questions by Messrs. Clements, Koch, Whitman, Waters, Muller, and 
Woodford. Answers by author. 


LITHOPHYSAE-BEARING RHYOLITES IN THE SOUTHERN SANTA LUCIA 
RANGE, CALIFORNIA 


BY N. L. TALIAFERRO AND R, E. TURNER 


The crest of Black Mountain is largely made up of Miocene rhyolite flows and 
ash. 

Lithophysae are abundant in the rhyolite as roughly spherical bodies from 
less than an inch to more than a foot in diameter. They have irregutarly 
shaped centers that are filled, or partially filled, with quartz; numerous quartz 
filled cracks extend outward from these centers, decreasing in width outward. 
Tridymite is sometimes abundant, especially in the radial cracks. The lith- 
ophysae are made up of minute radiating fibers of quartz and feldspar, often in 
zones, alternating with narrow bands of crypto- or microcrystalline texture. 

The lithophysae are confined to the immediate vicinity of centers of eruption 
and are expansion bubbles formed in a gas and yapor rich magma just prior to 
its final Consolidation, as shown by the curving and bending of flow lines about 
them. The central cavities and radiating cracks, formed by the expansion of 
the bubbles, were filled with quartz, sometimes with tridymite. The abundant 
sanidine and tridymite indicate that the temperature was comparatively high. 


Read by title. 
ANNUAL DINNER 

The annual dinner was held at the Atheneum under the auspices of 
the Branner Club on Friday evening. About 70 fellows and guests were 
present at the dinner, which was followed by an address by Dr. William 
Morris Davis on the subject “Nature of Geologie Proof, or How do You 
Know You are Right?” This was followed by a discussion of this inter- 
esting subject by many members of his audience. 
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SESSION OF WEDNESDAY, JUNE 17, 1931 


A joint session with Section B (physics), C (chemistry), and F (zool- 
ogy) of the American Association for the Advancement of Science was 
held preliminary to the formal opening of the meeting of Section E. This 
meeting was called to order at 9:30 o’clock in Culbertson Hall, California 
Institute of Technology, Pasadena, by T. Wayland Vaughan. A sym- 
posium on modern oceanographic research was presented. 


DES 


EXP 


‘ 

2 So 

: 

: 

Hi: 
en; 

N 

i 

3 


TITLES OF PAPERS 241 


TITLES OF PAPERS 
OUTSTANDING PROBLEMS OF THE OCEANOGRAPHY OF THE PACIFIC 


BY T. WAYLAND VAUGHAN 


CHEMISTRY OF THE SEA 


BY THOMAS G, THOMPSON AND E, G. MOBERG 


LIFE IN THE OCEAN FROM A BIOCHEMICAL POINT OF VIEW 


BY P. S. GALTSOFF 


RELATION OF GEOLOGY TO OCEANOGRAPHY 


BY W. H. TWENHOFEL 
The following paper, not a part of the symposium, was also presented. 


ORIGIN OF CLEAR LAKE, CALIFORNIA 


BY WILLIAM MORRIS DAVIS 


SESSIONS OF THURSDAY, JUNE 18 
SECTIONAL MEETING OF THURSDAY MORNING 

The joint meeting with Section M (engineering) and the Seismological 
Society of America was called to order at 9 o’clock in Room 218, Throop 
Hall, California Institute of Technology, and was devoted to a seismology- 
engineering symposium. 

TITLES OF PAPERS 
ACCURATE RECORDS OF STRONG EARTHQUAKE MOTIONS 


BY N. H. HECK 


NATURAL PERIODS OF VIBRATION OF SOME TALL BUILDINGS IN SAN 
FRANCISCO 


BY PERRY BYERLY 


DESIGN OF GRAVITY DAM IN SAN GABRIEL CANYON TO RESIST EARTHQUAKES 


BY B. MORRIS AND C, E, PEARCE 


EXPERIMENTS AND PRACTICAL EXPERIENCE IN THE CONSTRUCTION OF FIRE 
AND EARTHQUAKE RESISTIVE BUILDINGS INTENDED FOR LIGHT LOAD 
OCCUPANCY 

BY WALTER T. STEILBERG 
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INFLUENCE OF STATIC STRESSES ON EARTHQUAKE DAMAGE TO BUILDINGS 
BY R. R. MARTEL 


SEISMIC INTENSITY METER 


BY J. A. ANDERSON 


SEISMIC FACTORS BEARING ON CHOICE OF ROUTE FOR THE COLORADO 
RIVER AQUEDUCT 


BY JOHN P. BUWALDA 


RECENT STUDIES WITH THE VIBRATION TABLE AT STANFORD 


BY BAILEY WILLIS 
FILLING THE GAPS IN THE SEISMOLOGICAL PROGRAM 
BY N. H. HECK 
« SECTIONAL MEETING OF THURSDAY MORNING 


A joint session was held with Section H (anthropology) for the presen- 
tation of a symposium on the antiquity of man. This was called to order 
at 9 o’clock, in the Southwest Museum, Highland Park, Los Angeles. 


TITLES OF PAPERS 
ANTIQUITY OF MAN IN AMERICA 


BY JOHN C. MERRIAM 


PLEISTOCENE FAUNA WITH REFERENCE TO EARLY MAN IN AMERICA 


BY ALFRED S. ROMER 


SEQUENCE OF QUATERNARY MAMMAL LIFE IN THE SOUTHWEST 


BY CHESTER STOCK 


ALLEGED ANTIQUITY OF MAN IN AMERICA 


BY ALES HRDLICKA 
The session adjourned at 12 o’clock. 


SESSION OF THURSDAY EVENING 


On Thursday evening the members of Section E and of the Seismologi- 
cal Society of America, and their guests, assembled for dinner at the 
Engineers Club in Los Angeles. This dinner was sponsored by the 
Branner Geological Club and its president, Harold W. Hoots, presided. 
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At the conclusion of the dinner Douglas Johnson, Vice-President of 
Section E, presented an address entitled “The drainage history of the 
Appalachians.” 


SESSIONS OF Fripay, JUNE 19 


The summer meeting of 1931 was called to order at 9 o’clock in Room 
351, Norman Bridge Laboratory of Physics, Vice-President Douglas 
Johnson presiding, and proceeded directly to the reading of papers. 

TITLES OF PAPERS 


CERTAIN ASPECTS OF THE PLEISTOCENE HISTORY OF THE SOUTHERN 
COAST RANGES 


BY FREDERICK P. VICKERY 


SOME APPLICATIONS OF GEOPHYSICAL METHODS TO THEORETICAL STUDIES 
IN GEOLOGY 


BY F. E. VAUGHAN 


PRINCIPLES OF FOLDING AS APPLIED TO THE COAST RANGES 


BY BRUCE L, CLARK 


IMPORTANCE OF INSOLATION AS A FACTOR IN DESERT WEATHERING 


BY ELIOT BLACK WELDER 


ORIGIN OF DESERT ROCK-CUT SURFACES 


BY DOUGLAS JOHNSON 
PEDIMENTS 


BY WILLIAM MORRIS DAVIS 


TIME OF LOESS DEPOSITION IN GLACIATED REGIONS 
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This was called to order at 9 o’clock in Room 218, Throop Hall, California 


Institute of Technology. 
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BY W. S. PETERSON 


HISTORY OF THE ENGINEERING STUDIES OF THE COLORADO RIVER 
AQUEDUCT PROJECT 
BY JULIAN HINDS 
FEATURES OF THE DESIGN OF THE HOOVER DAM 


BY LOUIS C. HILL 


SECTIONAL MEETING OF FRIDAY MORNING 


A joint meeting with Section H (anthropology) had been arranged, 
for the presentation of the second half of the symposium on the antiquity 
of man. This was called to order at 9 o’clock in the Southwest Museum, 
Highland Park, Los Angeles. 
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SESSION OF FripAy, JANUARY 1, 1932 
REPORT OF THE SECRETARY 


Section E held two sessions on Friday, in conjunction with the Geologi- 
cal Society of America. None of the other organizations related to this 
section was in session in New Orleans, and the principal meetings of the 
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Geological Society of America were held in Tulsa, Oklahoma, December 
29-31, but about 50 geologists and geographers attended the joint sessions 
in New Orleans and 12 papers were listed on the program. Douglas 
Johnson, of Columbia University, Vice-President for the Section pre- 
sided. The address of the retiring Vice-President, Edson 8S. Bastin, of 
the University of Chicago, was presented at the afternoon session. 

About 30 of the geologists and geographers who were present in New 
Orleans gathered at Galatoire’s for dinner Friday evening. An unusually 
interesting feature of the New Orleans meeting of Section E was the 
field trip to the salt domes and mines of the Teche country. The party 
left New Orleans Friday evening and spent much of Saturday in the 
field. The thanks of all in attendance are due to Prof. R. A. Steinmayer 
and his colleagues for the excellent arrangements which they had made 
for the technical sessions and the field trip. 


TITLES AND ABSTRACTS OF PAPERS 


GEOGRAPHIC LITTORAL OF NORTHERN CALIFORNIA 
BY J. W. HOOVER 


(Abstract) 

The littoral of northern California is an extremely attenuated natural and 
cultural province, most definitely differentiated between Point Reyes and Cape 
Mendocino. Physically the littoral is a series of grassy wind-swept marine 
benches backed by an elevated, dissected and heavily timbered peneplain from 
1,600 to 2,000 feet high. Most significant as bounding the cultural littoral is 
the tree line which tends to follow the crest of the inner or most pronounced 
uplifted wave-cut terrace. 

The climate of the littoral is characterized by (1) strong north to north- 
west winds, especially in spring and early summer, (2) lowest seasonal range 
for the Pacific coast (8 degrees at Point Reyes), due to exceptionally cool sum- 
mers, and (3) prevailance of summer fog, much of it lifted above the sur- 
face. The climatic anomalies are attributed to the upwelling of cold water 
along the coast centering about Cape Mendocino and spreading southward as 
the summer advances. Climatic conditions are reflected in the bleak landscape 
with its weather-beaten buildings and villages. 

The significant industries of the littoral are lumbering, dairying and graz- 
ing, fishing and farming. The lumbering industry depends for its resource 
upon the upland belt of redwood timber bordering the true littoral. The out- 
lets for its products are by the sea through a series of small local ports scat- 
tered along the coast. Dairying, supplemented by grazing of beef cattle and 
sheep, is the industry best adapted to the cool grassy marine benches. Climatic 
conditions are unfavorable to farming on the littoral, and inland the forest 
prohibits it. Cultivation of peas under corporate management is making head- 
way around Fort Bragg. Fishing is of only local importance. 


Read by title in the absence of the author. 
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PHYSIOGRAPHIC HISTORY OF BAYOU MANCHAC, LOUISIANA 
BY FRED B. KNIFFEN AND DR. HOWE 


(Abstract) 


The Manchae was formerly a flood-water distributary of the Mississippi, 
and as such offered a short route to eastern Gulf coast points. Since it was 
entirely cut off from the Mississippi in 1814, it has drawn only indirectly upon 
the flood waters of that stream. 

Its channel displays three very different aspects. The bottom of the lower 
section, tributary to the Amite River, is below sealevel. The middle section 
is shallower, its valley is rather steep-sided, and is cut through the Pensacola 
terrace. The upper section is largely a built channel, lying on the natural levee 
of the Mississippi, and possessed of natural levees. Immediately adjacent 
to the bank of the Mississippi the Manchac appeared formerly as a slight notch. 

The terrace meets the Mississippi floodplain with an erosional escarpment, 
10 to 20 feet in height. 1ts margin is dissected by a number of erosion valleys, 
their lower floors drowned through Mississippi sedimentation. One of these 
westward-facing valleys lies at the point where the eastward-flowing Manchae 
enters the terrace. 

The lower channel of the Manchae was cut immediately following the emer- 
gence of the terrace above the sea, when probably the differential elevation 
between sea and terrace was greater than at present. A tributary of the 
Manchae made its way back toward the Mississippi, creating a notch in the 
divide, through which flood waters broke across the terrace. The preéxisting 
channel of the Manchac was enlarged, and natural levees were constructed 
across the floodplain of the Mississippi. 


PHYSIOGRAPHIC HISTORY OF VERMILION RIVER, LOUISIANA 


BY FRED B. KNIFFEN AND DR. HOWE 
(Abstract) 


Vermilion River, which empties into Vermilion Bay, southwestern Louisiana, 
is a striking drainage feature because of sharp contrasts in the form of the 
valley through which it flows. The upper Vermilion, and its main tributary, 
Bayou Tortue, flow south and north, respectively, through wide valleys which 
are part of an elongated topographic depression lying between the natural levee 
of Bayou Teche and the “hills” which form the western margin of the Missis- 
sippi floodplain. The lower channel of Vermilion River is a narrow, steep- 
sided trench which is cut through the Pensacola terrace. 

The lower Vermilion is a consequent stream which, through headward 
erosion, cut its way back across the terrace until it notched the “escarpment” 
formed by the line of “hills” above referred to. The upper Vermilion and 
Bayou Tortue occupy the course of former Bayou Burbeaux, which flowed 
southward until it entered the Teche near Lake Tasse. The outlet of Bayou 
Burbeaux was cut off and its waters impounded. Quite possibly an early 
stage of the Red River Raft was the impounding agent. The accumulated 
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waters of Bayou Burbeaux found an outlet through the Vermilion, cutting a 
steeper and deever channel. 

Evidence of former lacustrine conditions is found in the swamps and peat 
deposits of the region around Lake Tasse. 


CORRELATION OF ANCIENT MARINE LEVELS 
BY DOUGLAS JOHNSON 
(Abstract) 


The paper presents in summary form the results of a reconnaissance survey 
of the Atlantic and Gulf coasts for the purpose of examining traces of former 
marine levels occurring at various elevations up to heights of several hundred 
feet above present sealevel. Among other causes of existing differences of 
opinion regarding the position of sealevel in recent geological times, it was 
found that certain features of nomnarine origin have been accepted as evi- 
dence of former sealevels; that in the case of undoubted marine features, dif- 
ferent investigators have used different methods in determining the position 
of the water level; and that failure to record all of the terraces and other 
marine features in a given area have led different investigators to widely dif- 
ferent conclusions regarding the important question as to whether or not these 
shorelines have been tilted since their formation. 

The author suggests certain principles which it is believed should guide all 
studies of this nature. Among others the following are emphasized : The true 
elevations of all undoubted marine features, whether weakly or strongly de- 
veloped, should be carefully determined by instrumental leveling; from the 
data thus secured the full possible range of the waterplane for each marine 
feature at each individual locality should be determined; these ranges of 
waterplanes, rather than the elevations of the terraces and other marine forms, 
should be correlated: in making the correlation equal hospitality should be 
accorded a variety of possible working hypotheses, with the object of dis- 
covering which is most fully supported by the evidence. 


IBERIAN STRUCTURAL ANIS, LOUISIANA 
BY DONALD C. BARTON 
(Abstract) 


The Iberian structural axis strikes approximately northwest-southeast 
through Morgan City and Lafayette, and presumably extends northwesterly 
past Pine Prairie to express itself in north Louisiana as the north Louisiana 
geosyncline. The evidences for the existence of the structural axis are: (a) 
slight arching of the present surface from Lafayette to Morgan City: and (b) 
the plan of the depths to the top of the salt domes. The axis is assumed to 
represent an ancient geosyncline along which there has been recent upwarping. 
That recent warping may be in part responsible for the form of the land area 
of the Mississippi delta in the Terrebonne Parish area and for the eastward 
deflection of the Mississippi River. There is a suggestion that the axis may 
bend northeastward possibly to connect with the Appalachian geosyncline. 
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RELATION OF GEOLOGY TO GEOPHYSICS ON THE GULF COAST 
BY J. BRIAN EBY 
(Abstract) 


The finding of more than sixty salt domes on the Gulf coast of Texas and 
Louisiana during the last 8 years by torsion balance and seismograph has more 
than doubled the potential mineral valuation of the coastal area. Prior to 
these discoveries there were 46 known salt dome fields in the coastal region. 
From 1910 to 1928 inclusive only ten such structures were located, indicating 
the hazard of drilling on inconspicuous surface indications. 

The torsion balance was introduced late in 1922 and the seismograph in 
1923. By the end of 1981 the torsion balance had located 10 proven strue- 
tures and the seismograph about 50. Many additional probable structures 
have been indicated. 

The aggregate cost of geophysical prospecting on the Gulf coast is estimated 
at $30,000,000, including $26,000,000 on seismograph, $3,000,000 on torsion bal- 
ance, and $1,000,000 on all other metheds and experimentation. In proving 
and developing the 60 structures found by these means, some 300 wells have 
been drilled at an aggregate cost of $15,000,000. Leasing and exploration per- 
mits have cost probably $5,000,000. 

If drilling and lease costs are eliminated as being 2 common factor of ex- 
pense to any method of exploration, actual geophysical expenditures have 
already been returned. In 19380, 18.2 per cent of all Gulf coast dome produec- 
tion was from geophysically located structures. The geophysicist has an as- 
sured and important position on the coast. 


MARGINAL ZONE OF MOVEMENT OF EXISTING CONTINENTAL GLACIERS 
BY WILLIAM H. HOBBS 
(Abstract) 


The view generally held that continental glaciers have an internal move- 
ment, to which their form and the distribution of their deposits are to be 
ascribed, is peculiarly an inheritance from the study of mountain glaciers. 
When the glacial anticyclone was recognized in 1910 as a necessary charac- 
teristic of continental glaciers, its centrifugal distribution of snow, which in 
the interior regions nourishes this type of glacier, supplied an explanation of 
the form such glaciers assume. An outward movement within a marginal 
zone only some tens of miles in width, sufficiently accounts for the distribution 
of erratic blocks as well as the subordinate features of the glacier itself. 

In 1910 and 1911 the argument against a general internal movement of con- 
‘aental glaciers was presented by the writer. It was pointed out that an 
outward slope of the rock-floor which might explain an outward movement 
was lacking for the Pleistocene continental glaciers, and that the slope of the 
upper surface of existing glaciers was wholly inadequate at all places except 
within the marginal zones. The remarkable results obtained by Wegener in 
echo soundings on the Greenland Glacier have now shown that the rock-floor 
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there rises from about 1,000 feet above tide in the central area to over 2,200 
feet near the western glacier margin. 

The presence of crevasses within the marginal zones and their total absence 
throughout the interior regions of continental glaciers wherever they have 
been explored, is in strong confirmation of this view. In summary, then, the 
view of a general internal outward motion in continental glaciers is tradi- 
tional only. As evidence to support it is lacking, it should be abandoned. 


UNUSUAL OCCURRENCE OF STALACTITES AND STALAGMITES 
BY KARL VER STEEG j 
(Abstract) 


More than 300 stalactites and a number of stalagmites, in all stages of 
development, are growing under a railroad bridge in the city of Wooster, Ohio. 
The rain-water which falls upon the bridge, percolates through 4 feet of lime- 
stone ballast and a foot of cement before it finds its way through the joints of 
the steel plates to the street below. The largest stalactite is 12144 inches long 
and about % inch in diameter. There are many others more than 6 inches 
long. During the summer of 1919 the bridge was cleaned and painted. The 
stalactites are, therefore, not more than 12 years old. On the girders and 
stone walls, below the bridge, a number of stalagmites have formed. Several 
of these are more than 2 inches long. Twenty-one of the largest stalactites 
were measured, after two months of growth (July and August), and found to 
have increased in length .18 cm. to 1.98 em. An area was cleared of its 
stalactites and new ones developed on the sites of the old ones, varying in 
length from .71 cm. to 1.87 em., during the same period of time. The writer 
comes to the conclusion that due to a variety of factors such as concentration 
of solution, rate of drip, humidity, air movement, etcetera, it is impossible 
to arrive at any definite rate for the growth of a stalactite or stalagmite. 
Hence it is impossible to obtain an accurate figure as to the age of a large 
Stalactite or stalagmite in a cave. All one can say is that they are old. 


Read by title in the absence of the author. 


AGRICULTURAL ADJUSTMENT IN A VERMONT QUARRY TOWN 
BY GENIEVE LAMSON 
(Abstract) 


The town of Barre is one of seven Vermont towns included in a study of 
agricultural populations designed to give an accurate picture of each important 


type of farming community in the State. It has a distinct individuality, due 


primarily to a position of comparative isolation and to its granite quarries. 
The city has grown up chiefly in response to the granite industry, and the 
agricultural population has been augmented by the foreign born who are en- 
gaged in the granite business and do part-time farming, or have retired from 
the granite business onto the farms. The city furnishes a market for farm 
products, and the character of farming is more varied than in most of the 
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towns of the state that are chiefly dependent on dairy farming and an outside 
market. 

The most striking characteristic of the farming population of the town of 
Barre is the diversity of composition. Eleven different countries are repre- 
‘sented among the birthplaces of the 168 farm families. The attraction for 
this varied population is the opportunity offered by the granite industry. The 
French-Canadians who usually come into the State as farmers, have become 
granite workers here and farm on the side. Many of the Scottish people 
and Scotch-Canadians formerly lived near Aberdeen and were acquainted with 
the granite business. 

In contrast to the general village and farm relationship in the State, there 
has been a decided movement of population from Barre city onto the farms 
of the town. Barre is a maturely adjusted agricultural town with an estab- 
lished industry and a greater degree of self-sufficiency than is usual in the 
agricultural communities of Vermont. 


MOVEMENTS OF PAPAGO INDIAN POPULATION 
BY J. W. HOOVER 


(Abstract) 

The country of the Papagos extends from the Babroquivera and related 
mountain groups westward to the Growler Mountain. Northward the Papago 
villages grade into Prima Indian villages and southward into Mexican villages. 
The area is made up of detrital plains, interrupted by low fault-block moun- 
tains, advanced in erosion, rugged and bare of soil and vegetation. 

The Papago villages may be classed as mountain or piedmont villages and 
plains villages. In early times, the former were the more important, as they 
were located where the sources of water could be relied upon, but the fields 
had to be on the plains, where the entrenched arroyas give way to shallow 
washes which after the occasional heavy rains, spill their waters over the 
fields. Some of the plains villages are virtually at the heads of alluvial fans; 
others are located in the lower parts of the basins or at drainage junctions; in 
every case at localities where alluviation rather than erosion is favored. 

Formerly the only water supply of these plains villages was shallow ponded 
chareos which afforded only a temporary water supply. The seasonal char- 
acter of the farming sites is designated by their Spanish name, ‘‘temporals.” 

The geneology of the 100 or more villages and communities now present 
may be traced to about 10 important centers. This scattering of the villages 
has been due to the fact that the protection which the closely knit communities 
afforded was no longer required after the subjugation of the Apaches. Second, 
increasing importance of cattle grazing has demanded a more widely spread 
utilization of lands formerly useless except as range for game. Third, the 
digging of deep wells by the United States Indian Service has increased the 
number of sites where water is readily obtained. Thus nearly all the important 
plains villages have become permanent and are now the important centers, 
while the mountain villages have shrunk to a minor role. 


Read by title in the absence of the author. 


3 
> 
) 
} 
| 
» 


252 PROCEEDINGS OF SECTION E 


STAGES IN THE RETREAT OF THE WISCONSIN GLACIERS IN IOWA 
BY JOHN E. SMITII 
(Abstract) 


There are four principal stages of the retreat of the Wisconsin glaciers in 
lowa. Between the terminal (Bemis) moraine and the Altamont (first large 
recessional) moraine there are about 20 smaller ones, each indicating a minor 
substage or halt during the retreat of the ice-margin. 

The Altamont and the Gary (second) are in contact in some places. Be- 
tween the two, where they are several miles apart, smaller moraines are 
found. Between the Gary and the Humboldt (third) moraines several smaller 
ones are also found. Between the Humboldt and the Algona (fourth) moraines 
and also north of the latter, are numerous smaller moraines. Many of these 
smaller moraines are not continuous. 

Among these recessional moraines the most prominent mounds of Iowa are 
located. The smaller moraines are approximately parallel to the larger ones 
and converge toward the east and toward the west. Some of the Pre-Wiscon- 
sin drainage divides are still in evidence and are easily mistaken for moraines 
where they extend in, or nearly in, the same direction. The smaller drain- 
age lines are largely determined by the positions of the recessional moraines. 
Types of copper deposits low in sulphur and iron; by E. 8S. Bastin. 
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The Society was called to order by President Cumings for its 23 
annual meeting at 2:20 p.m. The report of the Council was the first 
business in order. 

REPORT OF THE COUNCIL 


To the Paleontological Society, in 23d annual meeting assembled: 


The business of the Society which was carried on during the past year 
is covered by the reports of the Secretary and the Treasurer and those of 
the various committees. The Secretary’s and the Treasurer’s reports are 


presented herewith. 
SECRETARY'S REPORT 


To the Council of the Paleontological Society: 


I have the honor to present the following report for the year ending 
December 28, 1931. 

Meetings.—The Proceedings of the 22d annual meeting of the Society, 
held at Toronto, December 29 to 31, 1930, have been published in volume 
42, number 1, pages 335-384 of the Bulletin of the Geological Society of 
America. 

The Council’s proposed nomination for officers for 1931 was mailed to 
the Fellows and Members in March 1931, with the announcement that the 
23d annual meeting would be held at Tulsa, Oklahoma, under the 
auspices of the Tulsa Geological Society, and on invitation of the Ameri- 
can Association of Petroleum Geologists. 

Membership—The Society has lost one Correspondent, Professor 
Johan Kiaer, two Fellows, Dr. Henry M. Ami and Dr. James W. Gidley, 
and four Members, Mr. Earl Douglass, Prof. I. A. Keyte, Mr. Handel T. 
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Martin, and Dr. Nellie M. Tegland, by death; and one Fellow and one 
Member by resignation during the past year. Thirty-four new members 
were elected last December, 14 have just been elected, and 8 more await 
election at this meeting. Two new Correspondents were elected at the 
last annual meeting. Thirteen of our Members, Margaret Fuller Boos, 
W. Storrs Cole, Colin Hayter Crickmay, Lewis Burnett Kellum, Wendell 
Clay Mansfield, Howard Augustus Meyerhoff, Earl LeRoy Packard, Robert 
R. Shrock, Allen Crawford Tester, Norman Louis Thomas, Harold 
Rollin Wanless, Lewis G. Westgate, and Bradford Willard, have been 
elected to Fellowship in the Geological Society of America. Four Fellows 
of the Geological Society of America who are not members of the Paleon- 
tological Society await election to our society at this meeting. Our 
total membership at the beginning of the vear was 409. If the nominees 
for membership still to be voted on are elected, our membership will be 
at the end of this year 425. 

Publications—The Proceedings and Presidential Address for 1930 
and 6 articles, totaling 132 pages, have been published in the Bulletin of 
the Geological Society of America during the year. The Proceedings 
and copies of the presidential address and three of the articles have been 
distributed to the Correspondents and Members. Copies of the other 
three, just received from the printer, will be distributed in the near 
future. 

Pacific Coast Section.—This section of the Society met on March 7, 
when a program of 13 papers was given. The Proceedings of this meet- 
ing are given on later pages. 

Respectfully submitted, B. F. Howett, 
Secretary. 
Princeton, N. J.. December 28, 1931. 


TREASURER’S REPORT 
To the Council of the Paleontological Society: 
I have the honor to submit the following report of the finances of the 
Society for the fiscal vear ending with December, 1931: 


CREDITS 
Cash on hand December 27. 1930 
Connecticut Savings Bank $1,674.08 
pecond National Bank 155.69 
Membership dues collected in 1931............. 528.10 
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DEBITS 
Secretary's office : 
Secretary’s allowance for 1930........... han $100.00 
Clerical aid for 1930......... 25.00 
Secretary’s allowance for 1931.............. 100.00 
Printing and Stationery 
———— $330.68 
Treasurer's office : 
Treasurer’s allowance for 1930............ $25.00 
27.00 
Pacific Coast Branch: 
Programs for Pasadena meeting........... $22.00 
23.68 
Publications : 
Reprints from G. 8S. A. Bulletin 41......... : $13.23 
Reprints from G. 8. A. Bulletin 42......... 5 69.37 
82.60 
Miscellaneous : 
Addressograph for $10.64 
Discount on two Canadian checks.......... 1.12 
Check returned for lack of funds........... 3.00 
14.76 
478.72 
Balance on hand in authorized depositories December 24, 1931: 
Connecticut Savings Bank .......... $1,857.35 
—————_ $1,966.42 
$2,445.14 


The expenditures appear abnormally heavy for the year larely because 


the growing expenses of the secretary’s office have been met as they were . 


made instead of being carried over into the next year as in the past. As 
a result there is only a single item of indebtedness now outstanding 
from the secretary’s office and two from the treasurer’s office, the three 
totaling $38.56. The net increase in the society’s fund for the year 
amounts to $136.65. 

The number of members in arrears in the payment of dues is some- 
what larger than heretofore. This may be attributed partly to the fiancial 
conditions of the country at large and partly to the exceptional number 
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of changed addresses of men in the petroleum fields which has made it 
impossible for the officers of the society to keep in touch with all the 
members, 
Respectfully submitted, Cart O. DunBar, 
Treasurer. 
New Haven, Conn., December 24, 1931. 


APPOINTMENT OF AUDITING COMMITTEE 
President Cumings referred the accounts of the Treasurer to an 
Auditing Committee, consisting of F. B. Plummer and P. B. Stockdale. 
ELECTION OF OFFICERS AND MEMBERS 
The Secretary announced the election of Officers for 1932 and of new 
Fellows and Members. 
OFFICERS FOR 1932 
President: 
R. 8S. Basster, Washington, D. C. 
First Vice-President: 
. F. B. Ptummer, Austin, Texas 
Second Vice-President: 
FE. H. Austin, Texas 
Third Vice-President: 
C. W. Gremore, Washington, D. C. 
Secretary: 
B. F. Howe 1, Princeton, N. J. 
Treasurer: 
Cart O. Dunbar, New Haven, Conn. 
Editor: 
Water GranGer, New York City 


NEW MEMBERS FOR 1932 


GorDON KNox BELL, JR., 154 East 66th Street, New York City. 

CoLIn HAYTER CRICKMAY, Department of Geology, University of Illinois, Ur- 
bana, Illinois. 

PAuL HEANEY DUNN, 5532 Kenwood Avenue, Chicago, Tlinois. 
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BRANDON HAMBRIGHT GROVE, 5736 Stony Island Avenue, Chicago, [linois. 

FRANK HAWKES GUNNELL, 408 South 5th, Columbia, Missouri. 

ARNOLD DANIEL HOFFMAN, 5541 Hyde Park Boulevard, Chicago, Illinois. 

JouN Hopartr HOskINs, Department of Botany, University of Cincinnati, Cin- 
cinnati, Ohio. 

JOHN MARK JEWETT, 235 Albion Place, Cincinnati, Ohio. 

LEWIs BurRNetr KELLUM, Museum of Paleontology, University of Michigan, 
Ann Arbor, Michigan. 

HAROLD ELTON KOERNER, Department of Geology, Lafayette College, Easton, 
Pennsylvania. 

KENNETH ELMO LOHMAN, Department of Geology and Paleontology, California 
Institute of Technology, Pasadena, California. 

JOHN THOMAS McCorMACK, 5545 University Avenue, Chicago, Illinois. 

HoMER JAMES SMITH, 1728 West Adams Street, Chicago, Illinois. 

NoRMAN L. THOMAS, Box 1007, Fort Worth, Texas. 


The following eight additional nominations to membership, which 
had been received by the Secretary too late for inclusion in the printed 
ballot, having been approved by the Council, were submitted to the 
Society for action. 

RIcHARD ALLAN BRAMKAMP, Department of Paleontology, University of Califor- 
nia, Berkeley, California. Invertebrate paleontology. Proposed by Ralph 
W. Chaney and E. R. Cumings. 

LyMAN H. DAUGHERTY, 311B South 6th Street, San Jose, California. Taleo- 
botany. Proposed by Ralph W. Chaney and E. R. Cumings. 

WILLIAM LLoyp EFrrincer, Department of Paleontology, University of Califor- 
nia, Berkeley, California. Invertebrate paleontology. Proposed by Ralph 
W. Chaney and E. R. Cumings. . 

Betry Keviett, Amerada Petroleum Corporation, ?. O. Box 995, Wichita, Kan- 
sas. Micropaleontology. Proposed by R. C. Moore and R. S. Bassler. 
Harry MACGINITIE, Humboldt State College, Arcata, California. VPaleobotany. 

Proposed by Ralph W. Chaney and E, R. Cumings. 
IRVING G. REIMANN, Buffalo Museum of Science, Buffalo, New York. Inverte- 
brate paleontology. Proposed by TP. E. Raymond and R. S. Bassler. 
ErtcH MAREN ScCHLAIKJER, 413 Livingston Hall, Columbia University, New 
York City. Vertebrate paleontology. Proposed by W. K. Gregory, C. C. 
Mook, and H. FE. Wood. 

FLORENCE DOWDEN Woop, 4305 47th Street, Long Island City, New York. 
Vertebrate and invertebrate paleontology. Proposed by W. K. Gregory, 
B. F. Howell, and C. C. Mook. 

It was moved and carried that the By-laws be suspended and_ the 
Secretary instructed to cast the vote of the Society for the election of 


these eight nominees to membership. 
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ELECTION OF FELLOWS 


ELECTION OF FELLOWS AND CORRESPONDENTS 


The Secretary presented the names of the following 17 members of 
the Society, who, being Fellows of the Geological Society of America, 
were eligible for election to Fellowship in the Paleontological Society, and 
who were accordingly recommended by the Council for election. All 
were elected by unanimous vote. 


WILLARD Berry H. Justin Roppy 
MARGARET FULLER Boos Ropert R. Surock 

W. Storrs CoLe ALLEN CRAWFORD TESTER 
Couin Hayter CrickMay Hans E. THALMANN 
Lewis BurNnerr KELLUM NorMAN Louts Tuomas 
WENDELL CLAY MANSFIELD Haro_tp ROLLIN WANLEsS 
Howarp Meyernorr Lewis G. WESTGATE 
AXEL A, OLSSON BraDrorD WILLARD 


Eart LeRoy Packarp 


ELECTION OF CORRESPONDENTS 


The Secretary then presented the names of three distinguished foreign 
paleontologists, Dr. Robert Broom, of South Africa, Dr. Edgar Sterling 
Cobbold, of England, and Dr. Julius Pia, of Austria, who were recom- 
mended by the Council for election as Correspondents. These gentlemen 
were unanimously elected. 

MEMORIALS 


Memorials of Alja R. Crook, who died on May 30, 1930, Earl Douglass, 
who died on January 13, 1931, James W. Gidley, who died on September 
26, 1931, I. A. Keyte, who died on May 29, 1931, and A. O. Thomas, 
who died on January 13, 1931, were presented. 

The reports of two committees were then read. 


REPORT OF SERVICE COMMITTEE 

The Service Committee rendered its usual service to members of the 
Society during the year. 

It issued two information bulletins—one in April and one in November. 

The Committee was able to give the desired assistance to the mem- 
bers who called upon it during the year in all cases except those in which 
members wished assistance in securing positions. The Committee hears 
each year of a number of persons who desire positions; but it does not 
hear of many openings. It would especially welcome the cooperation of 
all members of the Society in this phase of its work. 
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At the last annual meeting the Committee was authorized to investigate 
the feasibility of cooperative action by the paleontologists of the world 
looking to the establishment of an abstract journal to cover the current 
literature on paleontology, stratigraphy, and sedimentation; and was 
instructed to report the results of its investigation at this meeting. The 
Committee has conferred on this matter with paleontologists in North 
America and Europe, and the Chairman has consulted with the Secretary 
of the Geological Society of America and with the Council of the 
Paleontological Society. The Committee recommends that a special 
committee of the Society be appointed by the President to look further 
into this matter, with instructions to report to the Society at its next 
annual meeting. 

Respectfully submitted, B. F. Howe tt, 
Chairman. 


The report was accepted. The President referred to the Council the 
investigation of the feasibility of cooperative action looking to the estab- 
lishment of an abstract journal. 


REPORT OF COMMITTEE ON CATALOGUE OF DEVONIAN FOSSILS OF 
NORTH AMERICA 


The plan which was presented to the Society at the Toronto meeting 
a year ago of publishing an illustrated catalogue of the type fossils of the 
North American Devonian faunas resulted in the appointment by the 
Society of a committee which was instructed to make the necessary ar- 
rangements to carry out the idea. As chairman of that committee, I am 
glad to be able to report that the spirit of cooperation shown by the mem- 
hers has made it easier than I had expected to work out plans for the 
success of the project. 

Collaborators to the number of fifteen, representing various universities 
and three museums, accepted invitations to assist on the work. A memo- 
randum was sent out early in the year to those who had undertaken to 
help with the work, outlining the points to be observed in preparing the 
cards. Preparation of copy or manuscript cards for three groups of fossils 
has been started. A small fund to cover expenses incidental to the 
photographie work required was granted by the United States National 
Research Council for the use of the Committee. 

Various processes of reproducing the card copy have been tried out, and 
a process of printing from a thin aluminium plate has cut the cost to 
about half that quoted a year ago for collotype plates. 
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Considerable time has been given to the matter of investigating publi- 
cation possibilities. Opportunities have been found for the publication 
of single units by four different institutions. One museum offered im- 
mediate publication for a unit before the close of this year; but this could 
not be accepted because the material was not yet ready. The most desir- 
able plan is central publication in one place. When the Penrose fund 


. becomes available it is hoped and expected that such arrangements can 


be made. Application for such assistance has already been filed. Both 
Professor Howell and myself have interested ourselves in this matter. 

It has seemed desirable to ascertain, as far as it is possible to do so 
in advance of publication, the size of the edition which will be required. 
A memorandum outlining the plan of the illustrated catalogue was ac- 
cordingly prepared having this as its object. Copies of this have been sent 
toa number of North American colleges, universities and museums. Very 
few have thus far been sent to transatlantic paleontologists and institu- 
tions, and the small supply of cards and the short time available for send- 
ing them out has prevented the distribution of the memorandum to more 
than a small percentage of the members of the Paleontological Society. 

This is of course a bad time to canvass for advance subscriptions. I 
have no doubt that there are many who feel like a paleontologist who con- 
gratulates me on holding the price down so low but writes, “When more 
prosperous times return I hope to be able to subscribe.” Replies thus far 
received may be summarized as follows: 

Subscriptions from universities and colleges: 39 for the whole set and 
two for one or more units. 

Subscriptions from individuals: 4 for the whole set and 7 for one or 
more units. 

Subscriptions from surveys and museums: 8 for the whole set. 

Total subscriptions: 60. 

The chairman believes that an edition of 500 copies will not be too 
large. A second edition can be issued later in case the rotoprint process 
is used. An estimate furnished for an edition of 500 cards printed in 
Ottawa quotes a price of about $7 per thousand, or seven-tenths of a 
cent per card. A Baltimore estimate for the same sized edition is $6.90 
per thousand, or sixty-nine hundredths of a cent per card. The latter 
is an estimate for offset printing. 

Replies to the memorandum from a few universities have indicated 
that some institutions wish a card with a border wide enough to permit 
binding or “anchoring” in the filing cases of college libraries. The chair- 
man believes that it will be wise to meet the needs of such libraries by 
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adding another three-quarters of an inch to the width of the lower border 
of the card. For those who do not wish to bind or anchor the cards the 
extra inch may be useful for annotations. I am accordingly recommend- 
ing that the shorter dimension of the cards be made three-quarters of an 
inch wider than in the sample card sent out with the memorandum of 
September 23, 1931. The cards would thus be 10 x 8 inches in size. 

Dr. F. A. Bather, of London, a member of the old Paleontologia 
Universalis Commission, heartily approves of the plan and considers it 
a better one than that sponsored for many years by that Commission. 
Copies of the specimen cards and the Memorandum were sent to the 
Secretary of the present Palaeontologia Universalis Commission. Let- 
ters from him to the Director of the Geological Survey of Canada indicate 
that they are likely to adopt a plan for future work similar to ours. I 
have written the Secretary of the Commission, Professor Haughton, sug- 
gesting that the Commission apply to the European faunas the same plan 
which we have undertaken to apply to North American Devonian fossils. 
By correspondence with Prof. Gayle Scott, Secretary of the Society of Eco- 
nomic Paleontologists and Mineralogists, I have tried to carry out the 
instructions of this Society to cooperate with the paleontologists engaged in 
applying the species card idea to Pennsylvanian and later North American 
faunas. 

Nearly all of the replies to the memorandum have given the plan out- 
lined in it enthusiastic approval; but several of those who replied wished 
to be assured that the plan outlined for the Devonian would be extended 
eventually to the Paleozoic faunas below the Devonian. 

Tn view of the universal approval which the species card idea has met 
with I am of the opinion that the plans which have been made for pub- 
lishing the Devonian fauna on this basis should be extended to include the 
Pre-Devonian faunas. The Society has in its large membership many 
men who would, I believe, be willing to share the labor of putting through 
this ambitious plan. I would like to see the Society put itself on record 
as favoring the proposal to extend the application of the species card 
idea to the Pre-Devonian faunas of North America when the plan has 
been completed for the Devonian. Such an undertaking on the part of 
the Society would probably quadruple the demand which would arise 
for an illustrated catalogue of faunas of the Devonian alone. In making 
this recommendation I may remind you that the Paleontological Society 
has a membership of over 400. 

With this number of active paleontologists on our roster there should 
be no difficulty in carrying through such a plan without unduly burdening 
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any individual. During the last two months I have learned from letters 
of so much willingness on the part of many paleontologists to contribute 
work toward the species card plan that I have no doubt that such a project 
is entirely feasible, and I accordingly submit it for your consideration. 


Respectfully submitted, 
M. KINDLE, 
Chairman. 


This report was accepted, and it was voted that the Society go on record 
as approving Dr. Kindle’s suggestion that the plan of publishing an 
illustrated catalogue be ultimately extended to cover the Pre-Devonian 
faunas of North America, if possible. 


NEW BUSINESS 


The Secretary moved the adoption of the amendment to the Constitu- 
tion, notice of the consideration of which at this meeting had been sent to 
all Fellows and Members in March. It was voted to amend the Constitu- 
tion accordingly, so that Article 1V, Section 1, would read as follows: The 
Officers of the Society are a President, three Vice-Presidents, a Secretary, 
a Treasurer, an Editor, and the three ex-P residents of the three preceding 
years. These officers constitute an Executive Committee to be called the 
Council. 

The Secretary presented a recommendation of the Council that the 
Society authorize the appointment of a Conference Committee, consisting 
of the President, the three ex-Presidents on the Council, and the Secre- 
tary, with the President as Chairman, which should represent the Society 
in all negotiations with other organizations. This recommendation was 
adopted. 

The Secretary then presented another recommendation of the Council 
that the Seciety authorize the Council to extend to the Society of Economie 
Paleontologists and Mineralogists an invitation to affiliate itself, in the 
interests of North American paleontology, and especially in the support 
of publication, according to some definite plan, with the Paleontological 
Society in some way so that the two societies might most effectively co- 
operate in advancing their science on this continent. This reeommenda- 
tion was unanimously adopted. 


PRESENTATION OF PAPERS 


The Society then proceeded to the reading of the following papers: 
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TITLES AND ABSTRACTS OF PAPERS 
“NEOPARATYPE”, A NEW TERM 
BY HELEN JEANNE PLUMMER AND B. F. HOWELL 
(Abstract) 

In the report of the Special Committee on Marking of Type Specimens, pub- 
lished in the Proceedings of the twentieth annual meeting of the Paleontologi- 
eal Society, the following definition was given for the term neotype; a specimen 
selected to take the place of an original type of a species or subspecies when 
the original type has been lost. To this definition there was added the state- 
ment that a neotype might be either a neoholotype or a neocotype. 

Recently it has become apparent that a later worker, who has occasion to 
redefine a species whose original types have been lost, may find it desirable 
to designate not only neoholotypes or neocotypes, but also paratypes. It is 
believed that such paratypes should be called neoparatypes, and the term is, 
therefore, here proposed. 

Neoparatypes, then, are those figured specimens used in addition to the neo- 
holotypes or neocotypes in the redefinition of a species whose original types 
have all been lost and for which neotypes are being designated. 


This paper was discussed by J. J. Galloway, E. B. Branson, R. 5. 
Bassler, and Marcus A. Hanna. 

The second paper recorded the finding in North America of a genus of 
trilobites known previously only from Europe. 


DISCOVERY OF THE CAMBRIAN TRILOBITE GENUS, ELYX IN AMERICA 
BY B, F. HOWELL 


(Abstract) 

The genus Elyx, of the family Conocoryphidae, has until now been known 
only from the late Paradoxidian Cambrian Paradozides forchhammeri Zone 
of Scandinavia. The writer recently discovered examples of a new species 
referable to it in pebbles of limestone from the late Paradoxidian Cambrian 
Centropleura vermontensis Zone that were enclosed in the matrix of the Neo- 
Cambrian Mill River Conglomerate of Franklin County, northwestern Vermont. 

The Centropleura vermontensis Fauna is found in place in the St. Albans 
Formation of Franklin County, which lies beneath the Mill River Conglom- 
erate, from which it is separated by a stratigraphic disconformity. 

It is proposed to call the new species Elyr americanus. It and Centropleura 
vermontensis, a new species, which gives its name to its Zone, will be described 
in the Bulletin of the Wagner Free Institute of Science. All the species 
found in the St. Albans Formation will be described in a future Report of the 
State Geologist of Vermont. 

It is believed that a new subfamily of the Conocoryphidie should be erected 
to hold the species of that family which have a hemispherical swelling in front 
of the glabella and which are included in the genera, Ctenocephalus, Harttella, 
and Elyr. The name, Ctenocephalinae, is proposed for this subfamily. Elyr 
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is believed to be a valid genus, as it differs from Ctenocephalus and Harttella 
in having wider and more quadrate fixed cheeks. Its species also lived, as 
far as is known, later than those of the other two genera. 


In the next paper the senior author presented much interesting new 
information about a hitherto little known group of fossils. 


FOSSIL HOLOTHUROIDEA* 
BY CAREY CRONEIS AND JOHN MC CORMACK 
(Abstract) 


The calcareous bodies of the main types of modern holothurians are illus- 
trated, and described from the paleontologic point of view. All of the known 
references to fossil holothurians are examined and summarized, and the 
figures presented in rare publications are reproduced. A number of North 
American fossil holothurians are described and figured. The relationships of 
recent and fossil holothurians are discussed, and a tentative outline of the 
geologic development of the class is presented. The possible value of the 
calcareous plates of these animals as micro-paleontologic objects is discussed, 
and the difficulties involved in their use as index fossils are outlined. A com- 
plete bibliography is appended. 


The succeeding paper discussed a group of cephalopods which has puz- 
zled paleontologists for many years. 


CLASSIFICATION OF THE MIXOCHOANITIC CEPHALOPODS 


BY A. K. MILLER 


(Abstract) 


The mixochoanitic cephalopods of the Ordovician and Silurian of central 
and northeastern North America and northwestern Europe are typified by 
Ascoceras and are characterized by the fact that the siphuncle in the earlier 
stages of their phragmacone is orthochoanitic but in the later ones is eyrto- 
choanitic. Though relatively few in number, they constitute a natural group 
that deserves the rank of a suborder. The only previous attempts that have 
been made to divide them into units larger than genera were made by Hyatt, 
and unfortunately he included genera which have little or no relationship to 
the typical members of the group and should be excluded from it: these are 
Volborthella, Ophidioceras, and Mesoceras. 

Since the appearance of Hyatt’s classification, our knowledge of these ceph- 
alopods has been increased greatly, and it has become obvious that the num- 
ber of subdivisions of the group, both genera and families, that have been recog- 
nized previously is not as large as the diversity of its forms justifies. The two 
main stocks of the suborder, including Billingsites, Ascoceras, Aphragmites, 


* Published by permission of M. M. Leighton, Chief, Illinois Geological Survey. 
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Glossoceras, and several unnamed genera, can be differentiated by the presence 
or absence of a so-called “basal septum” or vestiges of it. Both of these may 
have had their origin in Probillingsites, but they became distinct before the 
Upper Ordovician and can be followed to the close of the Middle Silurian, 
when both became extinct. A third major subdivision (family) is represented 
by Choanoceras. The affinities of Shamattawaceras are uncertain, but tenta- 
tively it should be associated with Probillingsites. 


The next two papers dealt with Ordovician stratigraphy and paleon- 
tology. 
BASE OF THE ORDOVICIAN GALENA FORMATION 
BY G. MARSHALL KAY 
(Abstract) 


The Galena dolomite in the region about its type locality in northwestern 
Illinois lies disconformably on beds varying from upper [on to older than 
Spechts Ferry in age. At the base of the dolomite in many exposures is a 
yellowish or reddish clay shale, frequently arenaceous; such beds are well ex- 
posed in the stream bank north of the road near the center of section 23, 
Harrison Township, Grant County, Wisconsin. 

In northeastern Iowa the Prosser limestone lies conformably on the thin 
but very persistent Prasopora zonule at the top of the Ion member of the De- 
corah formation. Thus at its base the Prosser limestone is at least a little 
older than the base of the type Galena dolomite, for it lies conformably on the 
same beds on which the Galena lies disconformably. 

A number of workers have demonstrated the continuity of the Stewartville 
limestone with its Receptaculites and Fusispira zones, above the Prosser, with 
equivalent beds with the same faunas in the Galena dolomite. The thickness 
of the beds above the Platteville and below the Stewartville is quite constant 
from Minnesota to Illinois, supporting the view that the Prosser and _ pre- 
Stewartville Galena are practically equivalent beds, and that the sub-Galena 
disconformity is of small extent. The disconformity can be explained on the 
assumption that the northwestern localities were more peripheral to the Wis- 
consin dome than the Galena locality, so that a slight withdrawal of the sea 
in early Prosser time led to exposure and erosion of beds in the Galena erea, 
whereas in the areas to the northwest the result was a shallowing of the 
Prosser sea. 


MOHAWKIAN OSTRACODA: SPECIES COMMON TO FAUNULES FROM THE 
ROCKLAND AND DECORAH FORMATIONS 
BY G. MARSHALL KAY 


(Abstract) 


The Ordovician Rockland formation is the oldest of the formations of Tren- 
ton age in New York and Ontario. The Decorah formation, lying above the 
Platteville limestone and below the Prosser limestone in the upper Mississippi 
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Valley, has three members of which the upper, Ion member, has been correlated 
with the Rockland. 

Of twenty-one species of ostracods occurring in the Rockland at Healey Falls, 
Northumberland County, Ontario, all but four occur in the Lon member. Among 
the species common to the Rockland and Ion, six are particularly significant. 
These are new species, five of which belong to new genera; each is striking 
and distinctive in ornamentation. They are frequent in faunules from each 
formation, yet not a single specimen has been found in many faunules ex- 
amined from higher and lower formations in each region; and the Decorah 
specimens are restricted to the lon except that the two species are occasionally 
found in the top of the underlying Guttenberg member. 

The evidence from the ostracoda substantiates the correlation of the upper 
Decorah Ion member with the lowest Trenton Rockland formation of Ontario. 


The last paper read at this session dealt with peculiar fossils of doubt- 
ful affinities, recently discovered in a Paleozoic iron ore. 

In the absence of the author it was very briefly presented by the Secre- 
tary. 


PRESENCE OF ORGANIC STRUCTURES IN THE CENTERS OF OOLITES OF 
THE NEDA IRON ORES OF WISCONSIN 


BY HELGI JOHNSON 


(Abstract) 


In examining thin sections of the oolitic iron ores of the Neda formation, 
submitted by C. S. Ross, who in 1916 along with T. E. Savage described them 
and assigned them to the Upper Ordovician (Richmond), Doctor Albert O. 
Hayes of Rutgers University discovered that the centers or the nuclei of 
some of the oolites contained persistent reticulate or mesh-like structures. Due 
to the fact that such structures might give an important clue to the origin or 
mode of deposition of this particular iron band it was thought best to make 
an attempt at identifying them, and with this in mind the following facts are 
presented : 

The fragmental nature is at once apparent, due to the fact that there does 
not appear in a single specimen examined a termination in a body wall or ex- 
ternal boundary ; rather do the broken rod-like ends of the mesh abut against 
the concentric laminae of the surrounding oolite. The fragments, however, 
represent a single genus and species which apparently ranged throughout the 
whole of the bed. The size is variable, the largest measuring 1.5 mm. by 1.1 
mm. while the smallest was found to be 0.1 mm. by 0.09 mm. The structure 
resembles very closely the reticulate skeletal element of certain lithistid 
sponges, notably the suborder Eutaxicladina, with the four rayed spicules 
joining in a slight spherical swelling. No sign of an axial canal could be dis- 
tinguished, however, and none of the root-like secondary spines are seen. The 
interstitial openings vary from 0.12 mm. to much less, but the average seems to 
he about 120 to the millimeter, while the diameter of the rods is but slightly 
less than the opening between them. 
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Structures somewhat similar are found commonly in sedimentary iron ores 
and these have often been referred to the Radiolaria, but it hardly seems likely 
that this form belongs to the latter group as there is no uniformity of size or 
shape to the particles and no limiting skeletal wall. 


At 5 o’clock the Society adjourned for the day. 


SESSION OF WEDNESDAY, DECEMBER 30 
JOINT SESSION WITH THE GEOLOGICAL SOCIETY 


The Society met again at 10 o'clock on Wednesday, when it went into 
joint session with the Geological Society of America to hear the Presiden- 
tial Address of Retiring President E. R. Cumings, entitled “Reefs or Bio- 
herms ?” 

BUSINESS SESSION 


At 11 o’clock the Society met in regular session. It first took up new 
business, and nominated Dr. A. F. Foerste as its representative in the 
Division of Geology and Geography of the National Reseach Council for 
the three-year period, July 1, 1932, to June 30, 1935. It then approved a 
recommendation of the Council that the Society go on record as favoring 
the establishment and continuance of regional sections, not to exceed 
three, each of which should have a representative on the Council of the 
Society, who should be elected by the section. 


PRESENTATION OF PAPERS 
TITLES AND ABSTRACTS OF PAPERS 


The reading of papers was resumed at 11:10 o’clock, with President 


Cumings in the Chair. 
The first two papers, both by the same author, dealt with stratigraphic 


and sedimentary subjects. 


CHALEUR SERIES OF PORT DANIEL, QUEBEC* 
BY STUART A. NORTHROP 
(Abstract) 


The type area of the Chaleur (Silurian) series is at Port Daniel, on the 
south shore of Gaspé peninsula, Quebec. The oldest rocks of the area, the 
Maquereau series, are unfossiliferous arkoses, probably of earliest Ordovician 
age; these were metamorphosed at the close of Canadian time. Succeeding the 


*Published with the permission of the Director of the Geological Survey of Canada. 
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Maquereau is the newly-named Mictaw series, of black shales and tuffaceous 
greywackes, the age of which has been for the first time determined to be late 
Trenton-early Eden. After the Taconic disturbance and an interval of erosion, 
the Chaleur or Middle Silurian series was deposited. These sandstones, shales 
and limestones are subdivided into six formations (in ascending order,—the 
Clemville, La Vieille, Gascons, Bouleaux, West Point, and Indian Point), total- 
ing 6,500 feet in thickness. The Black Cape section, along the shore 40 miles 
west of Port Daniel, appears to be the thickest Silurian marine succession in 
North America; it comprises 8,300 feet of sediments and 4,700 feet of sub- 
marine basalt flows. Various members are correlated with the type forma- 
tions at Port Daniel. ; 

The Ordovician faunas are meager. The Mictaw species total 21, distributed 
as follows: graptolites 183 (8 new), brachiopods 7 (8 new), and cephalopods 1 
(new). 

The Silurian faunas are large and varied. Dr. A. F. Foerste has studied the 
cephalopods; the stromatoporoids are being studied by Dr. W. A. Parks. 
Silurian species total 229. the major groups being as follows: corals 40 (2 new), 
brachiopods 65 (18 new), pelecypods 28 (10 new), gastropods 27 (14 new), 
cephalopods 41 (38 new), and trilobites 16 (5 new). The Clemville and La 
Vieille are correlated with the Clinton; the Gascons is transitional between 
Clinton and Lockport; the Bouleaux, West Point and Indian Point are Lock- 
port and Guelph. The faunas show relationships with the interior of North 
America and with Great Britain and northern Europe, thus suggesting that 
the Middle Silurian faunas of the interior came in from the east by way of 
the St. Lawrence region rather than from the Arctic. A striking feature is that 
the Chaleur series has very little in common with the Anticosti series and yet 
the two areas are today only a little over 100 miles apart. 

During the Acadian disturbance, in late Middle Devonian time, the Silurian 
strata were folded and faulted, and intruded by basie dikes. The Bonaventure 
red beds were laid down in intermontane valleys during the Carboniferous. 
Since that time the geologic history of Gaspé has been one of erosion. 


This paper was discussed by B. F. Howell. 


POLYHEDRAL PISOLITES IN A SPRING DEPOSIT 
BY STUART A. NORTHROP 
(Abstract) 


During August a mass of polyhedral pisolites was discovered in a mineral 
spring deposit of Pleistocene or Recent age in Jemez Canyon, New Mexico. 
This particular spring is now extinct, but several springs are still active in the 
immediate vicinity ; in none of these, however, are pisolites forming at present. 

The grains range up to 5 mm. in diameter and show the typical concentric 
shells together with radial arrangement of the crystals. 

This occurrence of polyhedral pisolites in a mineral spring deposit in this 
country is believed to be unique, althrough Shrock has recently described an 
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oecurrence in a glacial cobble found in northern Indiana. The polyhedral form 
is believed to be due to crowding of the individuals in the spring crater. 


This paper was illustrated with both lantern slides and specimens, and 
was discussed by F. B. “Plummer, E. H. Sellards, Josiah Bridge, and 
President Cumings. 

The next paper recorded and discussed recent discoveries of very ancient 


foraminifera in America. 


AMERICAN SILURIAN FORAMINIFERA 
BY PAUL H. DUNN 
(Abstract) 

A number of species of arenaceous foraminifera were found in the Silurian 
sediments of Ste. Genevieve County, Missouri, during the summer of 1930. 
Recently, the Silurian of northern Illinois has been found to contain similar 
forms. Foraminiferal faunas of these two areas are compared with each 
other and with the similar Silurian fauna found by W. L. Moreman in the 
Arbuckle Mountain region. The strong possibility of accurate foraminiferal 
éorrelation of the Silurian strata throughout the Mississippi basin is discussed. 


This paper was discussed by J. J. Galloway, C. I. Alexander, W. H. 
Twenhofel, Carey Croneis, and B. F. Howell. 

The following three papers were read by title in the absence of the 
author. 

MEDINA OF PENNSYLVANIA 
BY GEORGE HALCOTT CHADWICK 
(Abstract) 

Current correlations of the lowest Siluric strata in Pennsylvania have 
rested upon the faulty placing of the Oneida below the Medina in New 
York, whereas it is actually later than the Thorold. The correct downward 
succession in New York is: Oneida, Medina (namely, Thorold, Grimsby, 
Whirlpool )—Unconformity—Queenston, Oswego, Lorraine. The last three 
intergrade, representing Closing Ordovicic. 

In Pennsylvania the downward succession, Tuscarora, Juniata, Bald Eagle, 
shows no interruption but rests unconformably on Martinsburg (Ordovicic). 
A possible novel correlation here offered, on the basis of this unconformity, 
if found to agree with the field evidence and with deep well records, may 
clear up the existing problem. This tentative arrangement is: 


New York Pennsylvania 
Oneida (white) Tuscarora (white) 
Thorold (white to red) 

Grimsby (red) Juniata (red) 
Whirlpool (white) Bald Eagle (white) 
Queenston (red) (absent?) 


Oswego (white) (absent?) 
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EASTERNMOST OUTPOSTS OF THE ITHACA FAUNA 
BY GEORGE HALCOTT CHADWICK 
(Abstract) 

The Ithaca marine formation of the upper Devonian, representing the 
brachiopod facies of the lower Portage group (Rhinestreet-Hatch members), 
passes eastward into the Oneonta continental (red beds) facies. But cer- 
tain thin zones with marine fossils persist far east around the northern Cats- 
kills, within the red beds. Careful field tracing of these zones has now led 
to even more radical changes in correlation on the Catskill Front than those 
announced last year. Vanuxem’s early correlations are vindicated. 

A recension of the entire Ithaca fauna, with a classified list of localities 
in New York, from which Ithaca fossils have been published, will accompany 
the paper. 

POCONO PROBLEM 


BY GEORGE HALCOTT CHADWICK 


(Abstract) 

With the sweeping changes in upper Devonian correlation already an- 
nounced before this Society has come the need of reinvestigation of the 
superadjacent beds, especially at the east, where the red “Catskill” now proves 
to fall so much short of the Devonian summit as developed farther west. Sus- 
picion rests upon all the strata called “Pocono” across northern Pennsylvania. 
It seems to be forgotten that in the field survey of the type Pocono area in 
Pike and Monroe counties, Pennsylvania, Dr. I. C. White transferred prac- 
tically all the original Pocono down into his “Catskill” (there not later in 
age than true Chemung, perhaps older), or in other words shoved the Pocono 
base up into the sky above the Pocono plateau, the type locality! The map 
failed to show this. 

Despite the progressively later age of the red beds (“Catskill”) westward, 
the overlying “Pocono” always seems perfectly conformable, often separable 
only with difficulty. Nor is it so free from red intermixture as we have 
commonly understood. There is absolutely no internal evidence of Mississip- 
pian age east of Potter county, so that we are being forced to the admission 
that it may represent only a still farther landward facies of the upper Devo- 
nian than the red “Catskill,” and like that be progressively older to east. 

This brings the Mauch Chunk also under suspicion, since it intergrades. 

It does not affect the Mississippian age of the marine beds in western Penn- 
sylvania, though it invalidates their correlation as “Pocono.” 


The next paper was, in the absence of the author, also read by title. 


DIASTROPHIC EPOCHS IN THE SOUTHERN KLAMATH MOUNTAINS, CALIFORNIA 
BY NORMAN E, A. HINDS 


(Abstract) 
In the southern Klamath Mountains of northern California many epochs 
of orogenic and epeirogenic deformation are recorded: 


XVITI—BULu. Soc. AM., Vou. 43, 1982 
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Between. the meta-sedimentary Abrams schist and the meta-igneous Salmon 
schist, the most ancient formations of the region, is a disconformity, the 
full significance of which is not yet determinable. 

After eruption of the Salmon basic volcanics, folding and metamorphism 
took place and resulted in much schistosity. 

Upon an erosion surface carved in the Abrams-Salmon terrane was de- 
posited the thick, undated Chanchelulla formation; the sequence is marine, 
implying long submergence of the Klamath region. 

Of later age is the Copley meta-andesite, remnants of a volcanic plateau. 

After the Copley volcanism and prior to marine invasion of the Middle 
Devonian, profound deformation took place with metamorphism. This was 
the last period of folding before the late Jurassic revolution and probably 
was the major orogeny of the Paleozoic. 

After deep erosion came the Middle Devonian submergence and deposition 
of Kennett strata, the earliest to carry recognizable fossils. 

Emergence followed and extensive erosion removed the Kennett over large 
areas. 

The thick Bragdon-Baird sequence was laid down in the Mississippian 
epicontinental seas. 

The Pennsylvanian was an epoch of emergence. 

Two marine invasions occurred during the Permian. The McCloud lime- 
stone and the partially volcanic Nosoni formation were laid down. 

Emergence closed the Permian, and in early Triassic time volcanic activity 
developed. Before this closed the land again sank below sea level and with 
the voleanie rocks were interbedded Middle Triassic sediments. Slight local 
folding occurred at the time of the late Triassic emergence. 

Voleanic activity marked the earliest Jurassic, and was followed by sub- 
mergence which lasted during the rest of the long Modim epoch. 

The relations between the Middle Jurassic Bagley andesite and the Lower 
Jurassic Modim and between the later Middle Jurassic Potem formation and 
the Bagley and Modim have not been clearly defined. The Potem is a marine 
sequence containing many volcanic interbeds. 

In the late Jurassic the entire Klamath region was folded into mountains 
and great volumes of granitoid magma were intruded. 

The southern edge of the western Klamath was submerged probabiy in 
Knoxville time and still more in the early Cretaceous Horsetown epoch. 

The final withdrawal of the sea took place in the late Cretaceous or early 
Eocene, and probably was accompanied by some folding of the Cretaceous 
strata. 

Vertical elevation and depression with minor folding are recorded in the 
late Pliocene and during the Pleistocene. 


The succeeding paper described a new crinoid fauna from the upper 


Mississippi Valley. 
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NEW CRINOID FAUNA FROM THE MISSISSIPPIAN OF NORTH CENTRAL IOWA 
BY L. R. LAUDON 
(Abstract) 


The fauna with which this paper deals was taken from a series of gray 
limestone beds about 210 feet in thickness that lie unconformably above 
Kinderhook beds of Chouteau age and probably below the lowermost Osage 
formations of Iowa. 

Approximately 60 species of marine invertebrates are represented and are 
distributed in the following manner: Coelenterata 5, Echinodermata 21, Mol- 
luscoidea 18, and Mollusca 16. The fauna is Closely related to that of the 
Madison limestone of the west. It appears to be much more Closely related 
to the Kinderhook than to the Osage but is definitely younger than any 
Kinderhook of the Mississippi valley. 

The echinoderm element of the fauna is most excellently preserved. Sev- 
eral thousand specimens of crinoids showing the arms and pinnules have 
been removed from the nests in the shaly limestone. A great number of 
the forms are complete from the delicate cirri on the stem to the minute 
pinnules of the arms. As many as 75 complete specimens of echinoids have 
been found on a single slab of limestone not over 2 feet in diameter. A 
considerable number of immature specimens of crinoids have been found. In 
some cases the entire length of 2 specimen, including stem, calyx and arms, 
is less than half an inch. One interesting new genus in the family Poterio- 
crinidae appears in which the arms are reduced to six, the anterior ray being 
the only one that branches. Vractically the entire crinoidal element is new, 
although the genera are typically Kinderhookian. 


This paper was discussed by E. B. Branson. 
The paper next on the program was, in the absence of the author, read 
hy title. 


MACCRADY SERIES OF THE MISSISSIPPIAN AT BROAD FORD AND SALTVILLE, 
VIRGINIA 


BY DAVID B. REGER 
(Abstract) 


The Maccrady Series in southern West Virginia and southwestern Virginia 
forms a considerable portion of the Mississippian system and is worthy of 
much study. 

A section at Broad Ford, which shows in detail the lower Maccrady (re- 
stricted) beds, first known as the “Pulaski” in Pulaski County, is presented, 
together with a detailed measurement of the Price (Pocono) in the same 
creek gap. Another section, measured at Saltville, shows not only the entire 
Maccrady, with a full exposure of the upper, or Warsaw, group, but also 
part of the superjacent Greenbrier (St. Louis, et cetera) and all of the sub- 
jacent Pocono (Price). i 

It is concluded that a very considerable time interval elapsed between 
the Price (Pocono) and the Maccrady, owing to the fact that various marine 


non 
the 
y in 
arly 


276 PROCEEDINGS OF THE PALEONTOLOGICAL SOCIETY 


genera of the younger Mississippian formations are present in considerable 
numbers. It is also suggested that the recent discovery of natural gas in 
the Maccready in an adjacent county should greatly stimulate the study of all 
phases of the formation. * 


The last paper of the morning dealt with the Pennsylvanian history 
of Michigan. 


EROSIONAL RECORD DURING THE PENNSYLVANIAN PERIOD AT GRAND 
LEDGE, MICHIGAN 


BY W. A. KELLY 
(Abstract) 

The area in the vicinity of Grand Ledge comprises the most extensive expo- 
sures of Pennsylvanian rocks in Michigan. The sandstones, shales, coal seams 
and the single limestone stratum have an estimated thickness of about one 
hundred and fifty feet, although no place is known where the entire column 
is present to this amount. Subdivision and mapping of the strata are facili- 
tated if resort is made to the hypothesis of cyclical sedimentation, as outlined 
by J. Marvin Weller. There are at least nine cycles represented. Each 
group of strata has an interrupted distribution as the result of erosion subse- 
quent to a cycle of deposition. The inclinations of the unconformities are 
reflected by primary dips in the beds above. In one section, the dips of the 
strata of two different cycles are in opposite directions. The varying sequence 
of beds in the different outcrops and quarries Clearly illustrates the diffi- 
culties in tracing coal beds in the Michigan coal field. 


This paper was discussed by H. R. Wanless. 


The Society then adjourned for luncheon. 


JoInT SESSION WITH THE GEOLOGICAL SOCIETY, THE AMERICAN ASSOCTIA- 
TION OF PETROLEUM GEOLOGISTS AND THE Socrety OF ECONOMIC 
PALEONTOLOGISTS AND MINERALOGISTS 


The Society convened again at two o’clock in joint session with the 
Geological Society of America, the American Association of Petroleum 
Geologists, and the Society of Economic Paleontologists and Mineralogists, 
for the reading of the following five papers in a symposium dealing with 
petroleum geology. 

CONTRIBUTIONS OF PETROLEUM GEOLOGISTS TO GENERAL GEOLOGY IN 

CALIFORNIA 


BY L, COURTNEY DECIUS 


GEOLOGY OF THE NORTHERN MIDCONTINENT OIL DISTRICT 


BY SIDNEY POWERS 
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CONTRIBUTIONS OF PETROLEUM GEOLOGY TO PURE GEOLOGY IN THE 
SOUTHERN MID-CONTINENT DISTRICT 


BY FREDERIC H, LAHEE 


SALT DOMES OF THE UNITED STATES 


BY MARCUS A. HANNA 


CONTRIBUTIONS FROM GEOPHYSICS TO GEOLOGY 


BY J. C. KARCHER AND CARL A. HEILAND 


SESSION OF THURSDAY, DECEMBER 31 
BUSINESS SESSION 
REPORT OF AUDITING COMMITTEE 

The Society reconvened at 10:15 o'clock on Thursday morning, with 
Vice-President Galloway in the Chair. The first order of business was 
the report of the Auditing Committee. The Committee reported that it 
had found the T.easurer’s accounts correct. 

NEW BUSINESS 

The following new business was then transacted. 

The Secretary presented a recommendation of the Council that the 
Society go on record as strongly favoring the publication of a prefatory 
abstract with all papers appearing under its auspices, and direct its offi- 
cers to take such steps to put this plan into effect as may be possible. 
This recommendation was adopted. 

The Secretary also presented a recommendation of the Council that 
the Society instruct the President to appoint a committee to investigate 
the desirability and feasibility of the preparation and publication in the 
English language of a book on the technique of paleontology, said com- 
mittee to report at the next annual meeting. This recommendation was 
adopted. The President appointed the Secretary as chairman of the 
committee, and stated that he would appoint the other members later. 


PRESENTATION OF PAPERS 


The presentation of papers was then resumed. 
The first paper of this session, which dealt with early Paleozoic gastro- 
pods, was presented by the junior author. 
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OPHILETA, POLYGYRATA, AND LECANOSPIRA 
BY E. 0, ULRICH AND JOSIAH BRIDGE 
(Abstract) 

In this paper the history of the genus Ophileta is traced, and it is shown 
that the majority of forms previously referred to it belong to an entirely 
different genus, Lecanospira, whereas species which should have been placed 
in Ophileta have been assigned to various other genera. Among these is Poly- 
gyrata, which is now considered to be a synonym of Ophileta. 


The next paper discussed a Carboniferous microfauna. 


MICROFAUNA OF JOHNS VALLEY, PUSHMATAHA COUNTY, OKLAHOMA 
BY BRUCE H. HARLTON 
(Abstract) 


The microfauna of the Johns Valley shale is characterized by the abun- 
dance of gastropods, ostracods, conodonts and foraminifera of lower Pottsville 
age. The shale correlates with the Springer of the lower Pottsville group. In 
the Mississippian shale containing many concretions, nepionic forms of Cane- 
yella are found in profusion. 


This paper was discussed by W. A. J. M. VanDerGracht, H. B. Miser, 
K. C. Heald, and B. F. Howell. 

The third paper described certain interesting sedimentary rocks re- 
cently studied in Texas. 


UNUSUAL CONDITIONS OF SEDIMENTATION IN THE PENNSYLVANIAN STRATA 
NEAR BRIDGEPORT AND CHICO, WISE COUNTY, TEXAS 


BY GAYLE SCOTT 
(Abstract) 


A great increase in the thickness of the upper Strawn and Canyon beds 
in the direction of the Ardmore Basin is described. 

The presence of a thick limestone mass, which grades laterally and abruptly 
into shales and sandstones, is noted, and its structure, based upon the work 
of J. M. Armstrong, is described. The mass has deflected the course of the 
Trinity River around its south edge, making conditions favorable for the 
location of the large Bridgeport dam, now under construction. 

The mass is compared with similar limestone masses, known as the Cracoe 
Knolls, which occur in the Carboniferous of the north of England. 


This paper was discussed by President Cumings, R. C. Moore, Philip 
King, and M. G. Cheney. 

The succeeding paper described some remarkably small cephalopods 
from Texas. 
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SOME MINUTE AMMONOIDS FROM THE UPPER PENNSYLVANIAN OF TEXAS 
BY F. B. PLUMMER 
(Abstract) 


A number of tiny ammonoids in their embryonic and nepionic stages of 
development have been collected by washing samples of shales from richly 
rossiliferous strata of Upper Pennsylvanian age. The minute fossils are 
beautifully preserved, easy to study, and of considerable importance in work- 
ing out the ontogeny of the species. Eight species are illustrated, briefly 
described, and their relationships to the larger forms pointed out. 


Discussion by A. H. Sutton, R. I. Roth, and A. K. Miller. 
The next paper proposed a new standard section for the Pennsylvanian 
system of North America. 


PROPOSED NEW TYPE SECTION OF THE PENNSYLVANIAN SYSTEM 
BY RAYMOND C. MOORE 
(Abstract) 


Like the Devonian of Devonshire, the Pennsylvanian of Pennsylvania is ill 
adapted to serve as a type section. The deposits are predominantly non- 
marine, the fossils are neither very abundant nor adequate as regards pres- 
entation of the characters of successive marine faunas; and the major strati- 
graphic classification is mostly inapplicable to Pennsylvanian deposits of other 
parts of the continent. 

The Mid-Continent region contains a succession of Pennsylvanian deposits 
that is admirably fitted to serve as a standard for comparison with other 
parts of North America. 

Four major natural divisions, or series, are recognized in the Pennsylvanian 
system, each representing a distinct chapter in the history of the period; 
(1) The Bend series, at the base of the system, consists predominantly of 
marine beds containing a distinctive fauna that shows strong relationship with 
uppermost Mississippian faunas. A distinct and widespread unconformity 
marks the top of the series. (2) The Des Moines series contains a huge 
thickness of sandstone, conglomerate and shale in Oklahoma and Arkansas, 
but to the north and south the thickness is much reduced and there are lime- 
stones in the upper part. The top of the series is marked by an unconformity 
and by one of the most clearly defined paleontologic boundaries in the Penn- 
sylvanian. (3) The Pottawatomie series is distinguished by prominence and 
wide distribution of limestone. The top of this division is marked by a very 
important unconformity. (4) The Virgil series comprises the uppermost part 
of the system. There are prominent sandstone deposits at its base. The 
higher beds consist of alternating limestone and shale. Contact with strata 
assigned to the Lower Permian is conformable, the boundary being drawn 
in the northern Mid-Continent at the base of the Foraker (Americus) lime- 
stone. 
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Classification of the formations and minor stratigraphic units in the Penn- 
sylvanian of the northern Mid-Continent region is revised, especially as_re- 
gards definition of groups. Evidence supporting the changed Classification, 
and tables showing regional correlation are presented. 


This paper was discussed by H. R. Wanless and Vice-President Gal- 
loway. 
The Permian stratigraphy of the mid-continent region of North Amer- 


ica was the subject of the next paper presented. 


CORRELATION OF THE MEMBERS OF THE BIG BLUE SERIES OF THE PERMIAN 
IN THE NORTHERN MID-CONTINENT REGION 


BY G. E. CONDRA 
(Abstract) 
The paper is based on field work which has been under way for several 


years. All members are correlated with type localities in Kansas. The per- 
sistence of beds is shown and several new subdivisions are named. 


This paper was discussed by W. H. Twenhofel, Mrs. M. F. Boos, R. C. 
Moore, and B. F. Howell. 

The last paper of the morning described some Permian strata of Texas 
and their fossils. It was illustrated with drawings of the fossils and of 
the paleography of the region in which the strata were found, and was 
discussed by R. C. Moore. 


PERMIAN LIMESTONE REEFS IN THE VAN HORN REGION OF TEXAS 
BY PHILIP B. KING* 


(Abstract) 


In the Van Horn region of west Texas, Permian rocks crop out extensively 
in the mountain areas and have a total thickness of about 7.000 feet. The 
series overlies all the older formations in the region, with great uncon- 
formity. Deposition throughout the period was uniform and continuous, with 
few incursions of clastic sediments, so that there is an unusual development of 
faunal and lithologic facies. 

The controlling factor in the changes of facies was the persistent growth 
of long limestone reef barriers. Such an interpretation has been proposed 
by several authors for the upper part of the Permian series, but recent work 
by J. B. Knight and the writer in the Baylor and Diablo Mountains suggest 
that it is equally applicable to the lower part of the section. 

In these mountains, massive reef limestones and dolomites were found to 
extend through a section 3,000 feet thick and to be traceable for a linear distance 
of 30 miles. The reef beds contain a fauna of massive alge, sponges, bryozoa, 


*Introduced by G. R. Mansfield. Published by permission of the Director, U. 8. 


Geological Survey. 
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and corals. To the northeast they interfinger with black limestones and sili- 
ceous shales, interpreted as the deposits of the open sea, which contain an 
abundant but quite different fauna. To the southwest the reef beds pass 
into thin-bedded limestones, rich in fusulinids, which are thought to be of 
lagoonal origin. There are therefore several distinctive contemporaneous 
faunas in the region. Future attempts to classify the Permian must recog- 
nize the profound influences of reef growth on the lithologic and faunal 
facies. 


NEW BUSINESS 


At 12:50 the Society adjourned for luncheon. 

The Society convened again at 2 o'clock, with Vice-President Plummer 
in the Chair, and proceeded to the consideration of new business. 

The Secretary read a letter, which was signed by C. E. Resser, John B. 
Reeside, Josiah Bridge, Raymond C. Moore, and himself, and which had 
been approved by the Council, suggesting that the Society direct the 
Council to investigate the desirability and feasibility of establishing a 
union of the paleontological societies of the world for the purpose of 
organizing and coordinating international activities in paleontology and 
stratigraphy. The Secretary moved that such action be taken, and the 
motion was passed, 

PRESENTATION OF PAPERS 


The reading of papers was then resumed. 

The first paper described peculiar fossils, some of them of doubtful 
nature, from South America. 

TITLES AND ABSTRACTS OF PAPERS 
VIOCENE FAUNA AND FLORA FROM THE VALLEY OF THE ATRATO RIVER, 
COLOMBIA, SOUTH AMERICA 
BY I. P. TOLMACHOFF 
(Abstract) 

A specimen of a hard calcareous rock, composed partly of voleanic ma- 
terial, delivered from Colombia, S. A. (76° 28’ W. and 5° 45’ N.) by petro- 
leum geologist L. G. Huntley gave the writer the chance of cleaning out 
of it 51 species of animal fossils (Selachii, Ostracoda, Gastropoda, Bryozoa, 
Echinodermata, Foraminifera) and one species of Lithothamnion. Identi- 
fication of these fossils points to the Miocenic correlation of the correspond- 
ing layer which apparently has a wide distribution on the western flank 
of the Western Cordilleras still very little known geologically. 


This paper was discussed by Carey Croneis and President Cumings. 
The second paper discussed new late Paleozoic conodonts, more than 
100 new species being illustrated by lantern slides. 
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PENNSYLVANIAN CONODONTS 
BY FRANK H. GUNNELL 


(Abstract) 


In the Pennsylvanian strata of Illinois, Missouri, Kansas, Oklahoma, Texas, 
and Utah occur many conodonts. By their use the writer has been able to 
correlate the formations in these areas. These minute fossils are Classified 
among different families of fishes. 


This paper was discussed by J. J. Galloway, President Cumings, E. B. 
Branson, Carey Croneis, W. R. Johnson, and B. F. Howell. 

In the paper which followed there was presented an account of marine 
fossils from New England. It was read by the junior author. 


HIGH-LEVEL PLEISTOCENE MARINE CLAYS OF MOUNT DESERT ISLAND, 
MAINE, AND THEIR FAUNA* 


BY CHARLES W. BROWN AND CARL C, BRANSON 


(Abstract) 


Practically all of the high level clays on Mt. Desert Id. show but rarely 
traces of shells and marine life. Near Seal Harbor, however, on the exposed 
southern shore at an elevation from 91’-100’ 4 feet of even-bedded very plastic 
blue clay is exposed, immediately overlain with some 2 feet of laminated sandy 
clay, which is covered in turn by rudely stratified coarse drift dipping 20° E. 
The rich fossiliferous layer but 1-2” thick lies two-thirds down in the clay 
in lenticular sandy partings. The shell remains were quite fresh and delicate, 
even retaining their pearly lustre. After extensive washings and preparation 
for microscopic study, the junior author has named the following fauna. 

The fauna of the clays is distinctly marine. VPelyepods are the dominant 
group, represented by Savicava arctica (Deshayes), Modiolus modiolus Lin- 
naeus, Mya arenaria (Linnaeus), Yoldia arctica Gray, Mactra, Nucula, and 
other forms. Gastropods of only three species, Skenea planorbis Stimpson, 
Cylichna oryza Stimpson, and Buccinum groenlandicum Hancock, are found. 
Bryozoa are particularly abundant with Porella proboscidea Hincks, T'ubulipora 
liliacea (Pallas), Memranipora cymbaeformis Hincks, Crisia cribraria Stimp- 
son and other species present. The balance of the fauna consists of the worm 
Spirorbis sinistrorsa (Montagu), three species of Balanus, six of ostracods, 
three species of foraminifera, an ophiuroid, and decapod and fish remains. 
Only about half the identified species are the same as those from other locali- 
ties of high level marine clays in the New England region. The bryozoan 
species are all different and the fauna is particularly rich in planktonic forms. 
Comparisons with faunas of similar deposits are being carried on. 

Since the collection of the material from this locality, the clays have been 
traced above the general line of occurrence (the 100’ contour) some 28’ 
higher. It would appear then that the clays were deposited when the land 


*Permission of the Director of the U. 8S. Geological Survey. 
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there was depressed about 140’, the shore line must have been rather stable 
for some time. Presumably the uplift at the end of this static period was 
rather sudden and resulted in considerable erosion and removal of loose drift 
and the covering and preservation of some of the clay beds,—which, however, 
under certain conditions resist erosion rather well. The gravels on Mt. 
Desert Id. occur up to about 215’, which probably marks nearly the maximum 
depression of this area in the late Pleistocene. Inferentially.it suggests the 
rather steady rise from this nadir, some 80’ to the quiet period of clay deposi- 
tion. 

Further field research for marine clays at different levels is suggested with 
detailed microscopic studies thereof for physiographic and stratigraphic rela- 
tions between the high level Pleistocene clays to the lowest and latest. 


The next paper, which was discussed by John Ware, M. M. Kornfeld, 
P. H. Dunn, and the Secretary, dealt with conodonts and their use as 
index fossils. 


NEW CONODONT ASSEMBLAGES AND THEIR USE IN STRATIGRAPHY 
BY E. B. BRANSON AND M. G. MEHL 
(Abstract) 


A large number of conodonts have been assembled by workers in the Uni- 
versity of Missouri. They range in age from Plattin, of middle Ordovician, to 
upper Pennsylvanian, nearly all formations in the state having furnished some 
specimens. They have been found particularly abundant in the Plattin, Thebes, 
Maquoketa, Bainbridge, Snyder Creek, Noel, Sylamore, Grassy Creek, Louisi- 
ana, Northview, Hannibal, Middle Chouteau, and many Pennsylvanian forma- 
tions. They have also been found abundant in the Phosphoria, Permian; and 
Darby, Devonian, of Wyoming. 

Preliminary studies on forms ranging from the lowest to the highest show 
that they are sufficiently varied to constitute first-class horizon markers that 
will enable stratigraphers to identify many formations not hitherto readily 
correlated. 


The discovery of remarkable types of shark teeth and the possibility 
that some phosphates originated from fish remains were discussed in 
the next two papers, which were both by the same author. 


SHARK WITH GRASPING TEETH FROM THE PERMIAN 
BY C. C. BRANSON 
(Abstract) 


The specimens come from the top of the upper phosphate bed in the Pustula 
member of the Phosphoria formation. The only two specimens were found 
on Dinwoody Creek in the Wind River Mountains, Wyoming. The genus is 
new and is the first shark tooth with recurved barbs and grasping function 
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known to the writer. The teeth are narrow, slender, laterally compressed, and 
recurved at the tip. The tip is triangular and bears shoulders like those of 
an arrow head. Near the base of the front of the crown tip is a pair of blunt 
barbs directed downwards, and below these at regular intervals are similar 
barbs in rows extending diagonally backward across the lateral faces of the 
crown to the posterior face near the base, where there are numerous irregularly 
arranged barbs. It is apparent that here is a shark which literally stabbed its 
prey with its teeth in the same manner as an Indian uses a fish spear. The 
teeth have the appearance of a bakelite reproduction of such a spear. The 
writer has given the name Rapidentichthys uncinatus to the new genus and 
species. 


ORIGIN OF PHOSPHATE IN THE PHOSPHORIA FORMATION 
BY C, C. BRANSON 


(Abstract) 

The writer suggests that the source of phosphate in certain of the beds in 
the Phosphoria formation is the cartilage and teeth of sharks and conodonts. 
A direct relationship between the amount of rock phosphate present and the 
abundance of such remains has been traced. Analyses show that the inorganic 
salt residue of shark cartilage is high in phosphorus and that the teeth are 
almost pure phosphorus salts. The suggestion is that the teeth are deposited 
as such and that the phosphorus content of cartilage is freed and deposited by 
bacterial decay on the floor of the ocean. This suggestion is meant to apply 
only to certain beds of the Phosphoria which are rich in shark and conodont 
remains and which lack shells of phosphatic brachiopods. Other beds seem 
obviously to be derived from the shells of such brachiopods, of which Orbi- 
culoidea utahensis (Meek) is dominant. 


The next paper was read by title in the absence of the author. 
NEW STEGOCEPHALIANS AND REPTILES FROM THE TRIASSIC OF WESTERN 
TEXAS 
BY ERMINE C. CASE 
(Abstract) 

Describes the discovery of a bone bed of Triassic Stegocephalians and dis- 
cusses the geological and morphological relations of the animals. Describes 
the occurrence and character of some new reptiles from a second locality in 
the Upper Triassic, Dockum, beds. 

The next paper recorded the discovery and showed the form of some 
interesting vertebrate footprints recently found. 


FOOTPRINT RECORDS FROM CRETACEOUS, TRIASSIC, AND PENNSYLVANIAN 
BY E. B. BRANSON AND M. G. MEHL 
(Abstract) 


The Tensleep sandstone near Lander, Wyoming. has furnished two slabs 
of footprints of a new genus of amphibians named Steganoposaurus. The 
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animal is web-footed and is not closely related to any described form in the 
Pennsylvanian. 

Series of footprints, from the Scranton shales of eastern Kansas, belonging 
to the genus Allopus, furnish some new characters of the genus. 

Some records of Collettosaurus and Crucipes from the upper Coal Measures 
of Kansas City are described. 

Footprints from the Triassic, Popo Agie beds of the Chugwater, of western 
Wyoming are assigned to a new genus Agialopous. Only a few specimens, all 
imperfect, of this genus have been found. 

One track from the Dakota sandstone near Lander, Wyoming, is called 
Dakotasaurus browni. 


This paper was discussed by R. C. Moore. 
VOTE OF THANKS TO THE LOCAL COMMITTEE 


It was voted that the Society express to the Local Committee its appre- 
ciation of all the committee had done to make the meeting such a pleasant 
and profitable one. 


PRESENTATION OF PAPERS 


The reading of papers was then continued. 
A flora was first described and discussed. 


TITLES AND ABSTRACTS OF PAPERS 
CONIFER FOREST OF LATE MIDDLE PENNSYLVANIAN TIME 
BY MAXIM K, ELIAS 
(Abstract) 


Numerous remains of several species of Walchia and other conifers accom- 
panied by comparatively scarce and mostly fragmentary Baiera, Dicranophyl- 
lum, Taeniopteris, Neuropteris and other plants have been collected in the shale 
overlying the eroded surface of the Stanton limestone about 6 miles north- 
west of Garnett, Kansas. This horizon belongs directly above the important 
unconformity that marks the base of the Virgil series (R. C. Moore, new) which 
comprises the upper 1,400 feet of the Kansas Pennsylvanian (i. ¢., beds below 
the Americus limestone). 

The plant remains indicate the presence of a conifer forest at or near the 
shore of the Pennsylvanian sea. This forest is apparently contemporaneous 
with the luxurious fern, lycopod and calamite hydrophytic Pennsylvanian 
vegetation, and the conifer forest probably occupied a stretch of dry land not 
suitable for the cryptogams. 


This paper was discussed by I. C. Moore and Vice-President Galloway. 
The Ordovician strata of two parts of Oklahoma were then compared. 
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CORRELATION OF THE EASTERN OKLAHOMA ORDOVICIAN SECTION WITH 
THAT OF THE ARBUCKLE REGION 


BY IRA H. CRAM 
(Abstract) 


Because of meager faunas and a different lithology the outcropping Burgen 
sandstone, Tyner formation, and Fite limestone of the eastern Oklahoma 
Ordovician section can be correlated but imperfectly with the Ordovician sec- 
tion of the Arbuckle region. Data from thousands of wells drilled through 
these formations between the outcropping areas afford additional means of 
correlation. Based on its position, characteristic lithology, and to some extent 
its microfauna, the Fernvale limestone at the top of the eastern Oklahoma 
Ordovician section is easily traced underground into the Arbuckles. The 
position, characteristic lithology, and characteristic ostracod fauna afford 
means of tracing the Fite limestone into the Seminole area, but to the south 
it is difficult to determine its relation to the Viola limestone. The best, though 
inconclusive, evidence indicates that the Fite is Bromide (Black River-Tren- 
ton) in age instead of Richmond as the meager fauna collected at the outcrop 
suggests. The upper Tyner massive dolomitic limestones are readily traced 
into the Bromide formation of the Arbuckle region. Associated beds under- 
ground contain characteristic Black River bryozoans. The middle Tynér shales 
lose their identity in a thick body of sand as the Arbuckle area is approached, 
which sand is interpreted to replace outcropping fossiliferous MeLish (Chazy) 
and possibly a portion of the Bromide. Fossils collected from the outcropping 
middle Tyner are pelecypods with Cincinnatian affinities. The distinct strati- 
graphic break at the top of the middle Tyner at the outcrop is interpreted to 
he the Black River-Chazy contact. The lower Tyner is widespread in wells. 
Its position, lithology, and a meager ostracod fauna suggest that it is Oil Creek 
(Chazy) in age. A red bed at the top of the lower Tyner in wells is believed 
to represent the break between the Oil Creek and McLish noted at the outerop 
in the Arbuckle area. The Burgen sandstone is correlated with the basal sand 
of the Oil Creek or with this sand plus a sand deposit on the northeast flank 
of the Arbuckle Mountains referred by Decker to the Arbuckle limestone. 
The fauna of the outcropping Burgen is mostly new but suggests Black River. 


Discussion by Josiah Bridge. 

The final paper of the session recorded the discovery of conodonts in 
Silurian rocks, almost the first conodonts to be found in rocks of this 
period. 

SILURIAN CONODONT FAUNA 
BY E. B. BRANSON AND M. G. MEHL 


(Abstract) 


Two species of Silurian conodonts have been described—both from Europe 
and both with some question as to age and identity. Although the Missouri 
formations of Silurian age are not nearly so productive of conodonts as many 
older and younger formations, a few outcrops of the Bainbridge (mid-Silurian ) 
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have furnished a connecting link between abundant Ordovician and Devonian 
assemblages. The Bainbridge forms represent nine or more genera, half of 
which are new, and some twenty species. One new genus, Spathodus, originates 
in the Silurian, increases in importance in the Devonian, and develops several 
new species which are very abundant in the Kinderhookian. Species of the 
family Distacodid:e are most abundant and varied. 

This paper was discussed by Josiah Bridge. 

The Society adjourned at 4:30. 


MINUTES OF THE MEETING OF THE PACIFIC COAST 
BRANCH OF THE PALEONTOLOGICAL SOCIETY 
The regular annual meeting of the Pacific Coast Branch of the Paleon- 
tological Society was held at the California Institute of Technology, 
Pasadena, on Saturday, March 7, 1931, in affiliation with the Cordil- 
leran Section of the Geological Society of America. President Chester 
Stock presided. The minutes, prepared by the Secretary, Dr. G. Dallas 
Hanna, are given herewith: 
ELECTION OF OFFICERS 
The following officers of the Section were elected for the year: 
President: 
Husert G. Scnenck, Stanford University 
Secretary: 
G. DaLttas Hanna, California Academy, of Science 
PRESENTATION OF PAPERS 


The Branch convened at 9:30 a.m. The following papers were pre- 
sented during the morning session : 


TITLES AND ABSTRACTS OF PAPERS 


CHARACTERS USEFUL IN DETERMINING THE POSITION OF INDIVIDUAL TEETH 
IN THE PERMANENT CHEEK-TOOTH SERIES OF MERYCHIPPINE HORSES 


BY FRANCIS D. BODE 
(Abstract) 


In the study of an individual hypsodont equine tooth difficulty is frequently 
encountered in determining with certainty its position in the cheek-tooth series, 
The problem of identifying teeth when detached from jaws arose in the study 
of a large number of teeth representing principally the species Merychippus 
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californicus Merriam, secured by the California Institute of Technology in the 
Merychippus Zone of the North Coalinga region, California. The characters 
which have been found of value in determining the position of individual teeth 
and which may be applied either singly or in combination are (a) attitude 
of plane of the wearing surface, (6) diametral ratio, and (c) size and shape 
of the parastyle and mesostyle. 


CASTORIDE FROM THE TERTIARY OF NEVADA 
BY R. A. STIRTON 
(Abstract) 


The relations of the Tertiary castoroid rodents to the recent beaver have 
been of considerable interest since the later part of the 19th century. Genera 
have been erected on isolated teeth but their true affinities have not been ap- 
parent. <A large series of cheek teeth, lower jaws, and two crushed skulls 
from the Fish Lake Valley and the Cedar Mountain beds have afforded an 
opportunity to study age variation within two genera. A comparison of these 
genera with specimens from Asia, Europe, and North America has thrown some 
light on the phylogeny of Castorid:e and the probable ancestry of Castor. 

Available evidence indicates that both Miocene and Pliocene epochs are 
represented in the Cedar Mountain region. The fauna from the Fish Lake 
Valley beds may be contemporaneous with the Upper Cedar Mountain beds; 
both are equivalent to the Upper Snake Creek, the Niobrara, and the Republican 
River of the Great Plains. The Cedar Mountain Miocene fauna, possibly, may 
be correlated with the Virgin Valley, the Barstow, and the Santa Fe. 


BIVALVES OF THE GENUS ACILA 
BY HUBERT G. SCHENCK 
(Abstract) 


This paper is one of a series dealing with the stratigraphy and paleontology 
of the marine Oligocene of Oregon. In order to appreciate the significance of 
the common occurrence of Acila in the Oligocene formations, a review of all 
of the species of this genus has been undertaken. 

The divaricate Nuculas are typified by Nucula divaricata Hinds, by subse- 
quent designation (Stoliczka, 1871). They are today restricted to the Indian 
‘and Pacific oceans in the northern hemisphere, where bottom temperatures 
range from cool to cold. The living forms comprise two morphologic groups: 
the truncate group (castrensis) of the eastern Pacific and the rostrate group 
(diraricata) of the western Pacific and Indian oceans. As fossils, these bi- 
ralves are most abundant in the Cretaceous and Tertiary formations of the 
coastal mountains of North and South America, Korea, and the Japanese 
Islands. The presence of one in the Franciscan formation (Jurassic?) of 
California has not yet been verified. The acme of development appears to 
have been during the Oligocene and Lower-Middle Miocene of the American 
continents and Japan. Occurrences are plotted on a north polar projection 
map of the world. 
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At least 48 forms of Acila have been named. The study of these necessitated 
the proposal of new terms,*such as primary and secondary bifurcation, and 
the redefinition of others. Moreover, certain features assumed to characterize 
species have proven to be of generic importance only, as numerous frequency 
curves Clearly demonstrate. 


POSITION OF THE FAUNA OF THE ASTRODAPSIS ANTISELLI ZONE 
BY BRUCE L. CLARK 


(Abstract) 


The species Astrodapsis antiselli comes in a horizon above that in which 
Astrodapsis tumidus occurs, and below beds containing Astrodapsis arnoldi. 
Thus the fauna is transitional between Santa Margarita and Jacalitos. This 
paper will discuss some of the localities where the fauna of the Astrodapsis 
antiselli zone is known. It is pointed out that it is possible, though not proven 
as yet, that this fauna belongs to the same epoch of deposition as the Maclure 
shales, as recognized by Dr. G. Henny in the area west of Coalinga. 


QUESTIONED BOUNDARIES FOR THE MARINE OLIGOCENE OF WESTERN 
NORTH AMERICA 


BY BRUCE L, CLARK 
(Abstract) 


The recent conclusions of Wendell Woodring that those marine deposits 
which come between the Sespe and the Tejon formations in the Gaviota Pass 
area are Upper Eocene in age is questioned. No typical Eocene species, with 
the exception of a variety of Venericardia hornii, have been found in those 
beds. It is the writer’s opinion that the Venericardia might have extended 
up into the Oligocene. This fauna from Gaviota Pass belongs to the same 
horizon as that of the San Emegdio and Lower Pleito formation of the south- 
ern end of the San Joaquin Valley, and in which is found a fauna which is 
correlated with the fauna of the Lincoln formation of Washington. This is a 
well known fauna and very different from that of the Tejon. There is much 
greater difference between this fauna and that of Tejon than between it and 
that of the San Ramon horizon. 

The Upper Oligocene age of the San Ramon horizon as recognized by the 
writer has been questioned by Ralph Stewart and Wendell Woodring, both 
of whom maintain the Miocene age of that fauna. This conclusion is based 
on the presence of certain molluscan genera, such as Chione (Chione), which 
are not found in the Oligocene of the efstern part of the United States or in 
Europe. The acceptance of the first appearance of certain genera in one ocean 
as being true also for another without other confirmatory evidence is an un- 
safe criterion to say the least. It is very possible that those genera which 
first made their appearance in the Oligocene in the Atlantic basin had their 
origin at a much earlier date in the Pacific basin. 

The fauna of the San Ramon horizon is much closer to that of the Lincoln 
than to that of the Vaqueros. The San Ramon fauna is found in the Upper 
Pleito formation of the San Emegdio Mountain area. Here the beds contain- 
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ing this fauna grade down into the Middle Pleito, in which horizon is a fauna 
which is definitely of Lincoln age. The Vaqueros on the other hand uncon- 
formably overlies these Upper Vleito beds. Thus in this area the fauna is 
both faunally and stratigraphically more closely related to beds of Lincoln 
age than to the Vaqueros. If the Lincoln fauna is of Eocene age and that 
of the San Ramon of Miocene age then there is no fauna in western North 
America that can be assigned to the Oligocene. ‘ 


UPPER MIOCENE INDEX DIATOMS 
BY KENNETH LOHMAN 
(Abstract) 


In addition to a number of living species which are found in most diatom 
floras of the Upper Miocene, there are certain species which appear to have 
had a much more limited range in geologic time, some of which, furthermore, 
appear to be confined entirely to the Upper Miocene. These index diatoms 
serve as useful markers for this period and are discussed and illustrated in 


the present paper. 
IS FELIS ATROX OF RANCHO LA BREA A LION OR A TIGER? 
BY CHESTER STOCK 
(Abstract) 


The characters of the skull which distinguish the modern lion and tiger have 
been reviewed recently by Pocock. The distinguishing characteristics of these 
two species have been recognized also by Boyd Dawkins and Sanford and by 
Boule in the study of the great cats of the Pleistocene of western Europe. 

Employing the characters indicated by Boyd Dawkins and Sanford, Boule, 
Pocock, and others, the conclusion is reached that the skull of Felis atror is 
more like that of the lion than like that of the tiger. While certain note- 
worthy differences exist between the North American Pleistocene species and 
the living felines of the Old World, the resemblances are sufficiently note- 
worthy to warrant the application of the name American lion to the former 
type. 


QUATERNARY ANTELOPES FROM SHELTER CAVE, NEW MEXICO 

BY CHESTER STOCK 

AGE AND RELATIONS OF THE OGALALLA FORMATION 

BY CURTIS J. HESSE 
(Abstract) 
Since the description, by N. H. Darton, of the Ogalalla formation some 20 
years ago, there have been many suggestions as to its age. This formation 
covers, as a mantle, the northwestern portion of Kansas, and varies from 150 
to 300 feet in thickness. With the discovery of the “Edson Beds” of Sherman 
and Wallace Counties, Kansas, the question of age is, in part, settled. Two 


of the fossil localities are of the same age and carry a Lower Pliocene verte- 
brate fauna; these lie about 150 feet from the base of the section. A third 
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locality carries a fauna from much lower down in the section and may, upon 
detailed study, throw some light on the length of time involved in the deposition 
of the formation. A study of the material, to date, indicates a stage of evolu- 
tion distinctly in advance of either the upper Snake Creek or the Valentine 
of Nebraska. To the south, the Goodnight of Texas offers many points of 
similarity, but on the whole seems less advanced. The closest correlations 
seem to be somewhere between the Goodnight and the Blanco of Texas. These 
deposits are of especial interest in that they offer some data as to the age 
of the Ogalalla, as well as the correlations with Nebraska on the north and 
Texas to the south. 


OPTICAL PROPERTIES OF HYRAX 
BY G. DALLAS HANNA 


(Abstract) 
The optical properties, which make this synthetic resin useful for mounting 
certain fossil diatoms, are briefiy discussed. 
Particular reference is made to the increased depth of focus and greater 
resolution which can be obtained. Some of the difficulties encountered and 
precautions to be taken in using the mounting medium are also pointed out. 


DESMOSTYLUS TOOTH DREDGED IN MONTEREY BAY 
BY G. DALLAS HANNA 


(Abstract) 

Messrs. Allyn G. Smith, John L. Nicholson and the writer did some dredging 
in Monterey Bay during the summer of 1930 and among other interesting ob- 
jects obtained there was found a fragment of a cone of a Desmostylus tooth. 
The significance of the occurrence at this locality is discussed. 


TWO PLEISTOCENE AVIFAUNAS FROM THE CARPENTERIA ASPHALT 
BY LOYE M. MILLER 


(Abstract) 

Fauna number 1 is from a lens about 40 feet to the south and 8 feet above 
the source of fauna number 2. The two faunas agree in consisting of 29 
species of nonpasserine birds, with slight difference in make up. They agree 
in that more than 70 per cent of the remains represent flesh-eating or insect- 
eating birds, hence suggesting that entombment is the result of active attrac- 
tion to the locality. The two faunas differ in that number 1 contains nearly 
three times as many species that inhabit meadow or open terrain and about 
half as many that are more strictly sylvan. 


ROYAL VULTURE FROM-THE KERN RIVER PLIOCENE, CALIFORNIA 
BY LOYE M. MILLER 


(Abstract) 


The surviving species of the new world vultures (Cathartid@) are of tropi- 
cal or semitropical distribution. The most widely ranging species is the turkey 
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vulture (Cathartes aura) ; the most restricted, before the advent of Caucasian 
man, is the royal vulture (Vultur papa), this latter species being restricted 
almost to the Mexican and Central American tropics. 

A species of Vultur very closely allied to V. papa, taken from the Pliocene 
of central California suggests that the present range of the royal vulture is 
the residuum of a contracting area. 
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SEssion oF TuEsDAY AFTERNOON, DECEMBER 29 


The Mineralogical Society of America held its twelfth annual meeting 
on December 29 and 30, 1931, in conjunction with the Geological So- 
ciety of America, at the Mayo Hotel, Tulsa, Oklahoma, as guests of the 
Tulsa Geological Society and the American Association of Petroleum 
Geologists. On Tuesday, December 29, at 2 p.m., President A. H. Phillips 
called the regular annual meeting to order. On motion of the Secretary, 


1 Manuscript received by the Secretary of the Geological Society February 5, 1932. 
(305) 
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the reading of the minutes of the last annual meeting was dispensed 
with, in view of the fact that they have been printed on pages 107-119 of 
volume 16, number 3, of the American Mineralogist. 

ELECTION OF OFFICERS AND FELLOWS 

The Secretary announced that 176 ballots had unanimously been cast 

for the officers as nominated by the Council. For Fellows there was a 
unanimous vote of 69 ballots in the affirmative. All officers and Fel- 
lows as nominated were declared elected. The officers for 1932 are the 
following: 

President, ALEXANDER N. WINCHELL 

University of Wisconsin, Madison, Wisconsin 


Vice-President, JoseruH L. GILLson 
E. I. Dupont de Nemours & Co., Wilmington, Delaware 


Secretary, Frank R. Vax Horn 
Case School of Applied Science, Cleveland, Ohio 


Treasurer, WALDEMAR T. SCHALLER 
U.S. Geological Survey, Washington, D. C. 


Editor, F. Hunt 
University of Michigan, Ann Arbor, Michigan 


Counctlor 1932-1935, WILLIAM J. McCAUGHEY 
Ohio State University, Columbus, Ohio 


The Fellows elected follow: 


Dr. OLAF ANDERSON, Research Laboratory, United States Steel Corporation, 
Kearney, New Jersey. 

Dr. RicHarp C. Emmons, Assistant Professor of Geology, University of Wiscon- 
sin, Madison, Wisconsin 

Dr. JAMES E. HAWLEY, Professor of Mineralogy, Queens University, Kingston, 
Ontario, Canada. 


REPORT OF THE SECRETARY 


The Secretary reports that the roll of the Society now comprises 115 
Fellows and 310 members in good standing, which is a gain of 37 over 
last year. One Honorary Life Fellow, Professor Friedrich J. Becke, one 
Fellow, Arthur S. Eakle, and four members, A. C. Burrage, W. E. Big- 
lowe, T. C. Crosby and T. A. Smith, have died during the year. In addi- 
tion to the 425 Fellows and members, there are 233 subscribers, an in- 


] 
i 
¢ 
] 
h 
I 
( 
Ci 


\- 


) 
r 
e 


REPORTS OF OFFICERS 307 


crease of 19 over the previous year. <A total of 658 paid copies of the 
journal, The American Mineralogist, are mailed monthly, a gain of 56 
over last year. Actually during the past year, 3 Fellows, 65 members 
and 29 subscribers, a total of 97, were added to the list, but deaths, 
resignations, with nonpayment of dues and subscriptions, have reduced 
the mailing list by 36 names; 39 Fellows, members and guests registered 
at the meetings. There were 18 scientific papers presented at the various 
sessions of the Society. 


REPORT OF THE TREASURER 


al 


The report of the Treasurer, W. T. Schaller, which showed a very 
favorable balance, was read by the Secretary. President Phillips an- 
nounced that early in December, at the request of the Treasurer, he had 
appointed an auditing committee consisting of Vice-President W. F. 
Foshag and two nonmembers of the Council, F. L. Hess and E. P. Hen- 
derson. This committee reported at the meetng that they found the 
books of the Treasurer correct and in good order, and that they had also 
inspected the securities owned by the Society and had found them as listed 
in the safe deposit box. 


REPORT OF THE EDITOR 


The Editor, W. F. Hunt, read his report which, on motion, was ac- 
cepted and ordered filed. An abstract of the report follows: 


The present year concludes the sixteenth volume of The American 
Mineralogist. On only three occasions, during this period, have volumes 
heen issued that have totaled 600 pages: in 1928, 1930 and again in 1931. 
Practically every phase of mineralogy and crystallography are represented 
in the 51 leading articles that were received from 56 individuals repre- 
senting 30 different universities, research bureaus and technical labora- 
tories. Included in the list of published contributions are the detailed 
descriptions of four new minerals—schairerite, clarkeite, fervanité and 
krausite. 

Of the 51 main articles, 10 represented contributions from foreign 
countries—3 from Germany, 2 from Sweden, 2 from England and 3 from 
Canada. This is the largest number of manuscripts we have received 
from outside of the States for any one year period. Aside from the 
longer articles referred to, the current volume contains 9 additional 
shorter papers, 15 book reviews, proceedings of five different mineralogi- 
cal societies, numerous abstracts of new mineral names published in for- 
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eign journals and many brief items of general interest. Volume 16 
contains 198 illustrations distributed throughout the text. 


REPORT OF THE NEW COMMITTEE ON NOMENCLATURE AND CLASSIFICATION 
OF MINERALS 
The committee, consisting of W. T. Schaller, chairman, W. F. Foshag, 
J. F. Schairer, T. L. Walker, E. T. Wherry and A. N. Winchell, reported 
no progress, but asked to be continued, which was moved and carried. 


REPORT OF THE REPRESENTATIVE ON THE NATIONAL RESEARCH COUNCIL 


The representative of the Society, C. S. Ross, submitted a brief summary 
of the work of the Division of Geology and Geography of the National 
Research Council and some of its committees which were of interest to 
the Society. 


REPORT OF THE COMMITTEE ON COOPERATION WITH THE SECRETARY OF THE 
XVI INTERNATIONAL GEOLOGICAL CONGRESS, ALONG THE LINES OF 
MINERALOGY AND PETROLOGY 


The committee consisting of W. F. Foshag, chairman, J. F. Schairer 
and W. T. Schaller, submitted a report that they had cooperated with the 
committee on excursions of the Congress, and that the excursions as now 
outlined embrace a satisfactory amount which have mineralogical and 
petrological interest. Since the Congress has been postponed until 1933, 
the committee asked to be continued, which was moved and carried. 


NEW BUSINESS 

It was moved by T. L. Walker and seconded by A. F. Rogers that the 
Society extend New Year’s greetings to our Honorary Life Fellow, Pro- 
fessor Victor Goldschmidt, of Heidelberg, Germany. The motion was 
carried. 

At a meeting of the Council, it was voted that the Society have an 
official luncheon during the meetings. A. N. Winchell, incoming presi- 
dent, was appointed to make arrangements, and he announced such a 
luncheon at 1 p.m., Wednesday, December 30. 


MEMORIAL BIOGRAPHIES 
In view of the fact that none of the authors of memorial biographies 
was present, and also that the articles will be printed in the American 
Mineralogist, it was moved and carried that they be read by title. They 
were as follows: 


Memorial of Friedrich J. Becke [died June 18, 1931], by E. H. Kraus. 
Memorial of Arthur S. Eakle [died July 5, 1931], by W. T. Schaller. 
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PRESENTATION OF PAPERS 


At 2:45 p.m., there being no further business, the presentation of 
papers was taken up according to program, as follows: 


LINEAR PROJECTION IN GEOMETRICAL CRYSTALLOGRAPHY 
BY A. F. ROGERS 


VARIATIONS IN OPTICAL PROPERTIES AND COMPOSITION 
IN THE ANTHOPHYLLITE SERIES 


BY C. S. ROSS AND E. P. HENDERSON 


FERROTREMOLITE, OXYHORNBLENDE, AND TOURMALINE 
BY A. N. WINCHELL 


CHEMICAL NATURE OF JOAQUINITE 
BY CHARLES PALACHE AND W. F. FOSHAG 


BAVENITE, A BERYLLIUM MINERAL, PSEUDOMORPH AFTER BERYL, FROM 
CALIFORNIA 


BY W. T. SCHALLER 


ON BABINGTONITE 
BY CHARLES PALACHE AND F. A. GONYER 


FIBROUS BRUCITE FROM QUEBEC 
BY HARRY BERMAN 


EUHEDRAL GOLD CRYSTALS FROM MARIPOSA COUNTY, CALIFORNIA 
BY A. F. ROGERS 


FLATTENED MINERALS IN MUSCOVITE AT SPRUCE PINE, NORTH CAROLINA 
BY G. M. HALL 


BARRINGER HILL, TEXAS, PEGMATITE 
BY K. K. LANDES 


SPODUMENE-BEARING PEGMATITE FROM THE ETTA AND HUGO MINES, 
BLACK HILLS, SOUTH DAKOTA 


BY F. R. VAN HORN 


BARITE VEIN WHICH CUTS THE GRANITE OF SOUTHEAST MISSOURI 
BY W. A. TARR 


At 5 p.m., the Society voted to adjourn until 10 a.m., Wednesday, in 
order that members might attend the general session of the Geological 
Society at 9:30 a.m. 
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SESSION OF WEDNESDAY MorNING, DECEMBER 30 


At 10:05 a.m., President Phillips called the second session to order, 
and the reading of scientific papers proceeded according to program. 


PRESENTATION OF PAPERS 


HEAVY MINERALS AS A GUIDE IN STRATIGRAPHIC STUDIES 
BY FANNY CARTER EDSON 


TERTIARY IGNEOUS SUCCESSION IN WESTERN OREGON 
BY E. T. HODGE 


GARNET AS AN AMYGDULE MINERAL 
BY E. B. ECKEL, INTRODUCED BY W. S, BURBANK 


TWO NEW OCCURRENCES OF PIEDMONTITE IN CALIFORNIA 
BY E, B. MAYO, INTRODUCED BY H. RIES 


SANBORNITE, A NEW BARIUM DISILICATE MINERAL FROM MARIPOSA 
COUNTY, CALIFORNIA 


BY A. F. ROGERS 


ZUNYITE FROM GUATEMALA 
BY CHARLES PALACHE 


VOTE OF THANKS 


The last paper was finished at 11:13 a.m., after which Dr. W. A. Tarr 
moved that the thanks of the Society be extended to the Tulsa Geological 
Society, to the American Association of Petroleum Geologists and to the 
local committee for their kindness and hospitality. This was seconded 
by Dr. A. F. Rogers and carried. The Society then adjourned until 12 
o’clock for the presidential address of Dr. A. H. Phillips. 


JOINT SESSION WITH GEOLOGICAL SOCIETY OF AMERICA, DECEMBER 30 


The Mineralogical Society of America held a joint session with the 
Geological Society of America in the Crystal Ballroom of the Mayo Hotel 
at 12 o'clock, Wednesday, December 30. Docior Alexander H. Phillips, 
retiring president of the Mineralogical Society, delivered his presidential 
address, “Isomorphous Substitution of Elements in Minerals.” The joint 
session, presided over by President A. C. Lane of the Geological Society, 
adjourned at 1 p.m. 
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LUNCHEON MEETING AND EXCURSION oti 


LuNCHEON MEETING, DECEMBER 30 


The Mineralogical Society of America held its first luncheon meeting 
at 1 p.m., Wednesday, December 30, in the English Room of the Mayo 
Hotel. The meeting was presided over by Doctor A. N. Winchell, in- 
coming president, who called on each person present to give his name, 
position and hobby. The meeting adjourned at 2 p.m. 


Excursion, JANUARY 1-2 


Through the courtesy of Mr. George C. Branner, State Geologist of 
Arkansas, a special sleeper consisting of members of the Mineralogical 
Society and Society of Economic Geologists, left Tulsa on the Frisco- 
Missouri Pacific at 11:20 p.m., Thursday, December 31, and arrived at 
Little Rock at 8:10 a.m., Friday, January 1. After breakfast in the Mis- 
souri Pacifie Station, the party left in seven autos and visited Magnet 
Cove, Hot Springs, the new cinnabar deposits near Amity, Pike County, 
and the diamond periodotite pipe near Murfreesboro. The party returned 
to Little Rock about 11 p.m., after a ride of 275 miles. On Saturday, 
January 2, Mr. Branner took a smaller party to visit the Nephelite Syenite 
of Fourche Mountain, and the bauxite deposits of the Republic Mining 
and Manufacturing Company at Bauxite, Arkansas. The entire party 
felt greatly indebted to Mr. Branner for his trouble and kindness. 
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BULLETIN OF THE GEOLOGICAL SOCIETY OF AMERICA 


VOL. 43. PP. 313-330 MARCH 31, 1932 


EUTOPOTROPISM 
PRESIDENTIAL ADDRESS BY ALFRED C. LANE 
(Read before the Geological Society December 29, 1931) 


My subject is Eu-topo-tropism. I imagine some of my profaner hearers 
will be inclined to say, “What in hell is eutopotropism?” To which I 
would reply, “It is not in hell.” 

Others more literary may ask, “In what dictionary is it ?” 

To which I would reply: “It is not in any dictionary. I made it up.” 
I made it up to shock you so that you will remember the idea, for although 
the word is new, the idea is not. 

Eutopotropism is the tendency or sense to know where you are well off 
and go there, the sense to find the fit place.? It is the opposite of the 
trait exemplified by the June bug who will “buzz and butt his head against 
a wall” or the moth that “shrivels in the fire.” 

The derivation is obvious to one familiar with English science or Greek 
roots. Helio-trope is the flower that turns toward the sun. At the Tropic 
of Cancer the sun turns backward in the heavens. The biologists have a 
string of terms ending in “tropic” and “tropism.” A “tropism” is a 
turning, or an inherent tendency of a living organism to turn in re- 
sponse to an external stimulus. 

J. Loeb in his book on “Forced Movements, Tropisms and Animal Con- 
duct” has a long list of helio-, geo-, stereo-, chemo-, thermo-, rheo-, and 
anemo-tropisms, but he does not mention our eutopo-tropism, because he 
is not strong on intelligence, perhaps ? 


1 Manuscript received by the Secretary of the Society December 30, 1931. 

2“T have an aim or a purpose, and my action is not determined by the past, but is 
determined by the future. I will call it by a word that you never heard before, that I 
invent for this occasion, eutopotropic. It means turning to the place where you are 
well off. The capacity to be eutopotropic is a sign of intelligence. For evolution by 
natural selection to worth there must be three things—a variation, an environment 
where that variation fits, and, third, a disposition to occupy that environment. It is 
this third factor that I call eutopotropism. An extra coat of hair fitting an elephant 
to be a mammoth and live in the northern part of Asia would not lead to a race of 
mammoths unless with the extra hair went a disposition towar” a northern climate. It 
is this sense enough to know where you are well off and go there that I call euto- 
potropism.” 

“Such behavior leads us to infer intelligence, whenever we can more easily infer 
actions from aims in the future than from causes in the past.”—‘“Some Contacts of 
Geology and Religion,” Harvard Alumni Bulletin, Feb. 25, 1925. 
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Eutopia I spell with an “E” to distinguish it from the Utopia of Sir 
Thomas More and other visionaries. His Utopia was supposed to be the 
land where everything was well, and as there is no such place, the name 
was derived from the two Greek words oa “No” and 670s “place.” 
The word r6r0s which we have also in the word “topography” is also 
a root in eutopotropism. But the first syllable is from the Greek e& 
“well,” which we have in numerous other English words like “eugenic,” 
well-born, “euphonic,” well sounding. 

Thus eutopotropism is the sense or tendency to turn to the place for 
which the organism is well fitted, to whjch it is preadapted. This place 
may be, indeed it certainly will be, less fitted to other organsims. It is 
not a general Utopia, but it is a logical next step to the theory of pre- 
adaptation, as developed by Cuenot and Davenport, to consider for what 
the organism is preadapted and what it will do. 

They pointed out that when an individual varies from its forebears, 
it will often do so in a way that makes it better fit and more able to sur- 
vive in some particular set of surroundings before it is in them. If it 
comes to be in that particular set of suroundings, it and those similarly 
varving will there thrive. But will they have sense enough to go there, 
or to stay if they find themselves there ? 

I use the term “sense” because, ordinarily speaking, we regard be- 
havior that takes you where you are well off and to the place for which 
you are fit as sensible, and the opposite tendency to kick against the pricks 
and to butt your head against a stone wall as unintelligent, er senseless. 
Perhaps others may prefer a longer word. Do not miss the idea what- 
ever you prefer. 

I have chosen this subject as of interest not merely to us as geologists 
but to all of us as individuals and as members of the body politic. For 
we were men before we were geologists, and as we are composed of cells 
in whose harmonious and fit cooperation is our bodily health, so we are 
but unit cells in that greater organism of society called the United States 
of America. It is well that we should find our fit place in it and that 
the whole nation should find its fit place in the family of nations. 

But granted that the subject is one of interest and importance, why 
is it fitting that I should select it on this occasion, which perhaps is the 
greatest opportunity of my lifetime to reach a wide, an intelligent and an 
influential audience. What has geology to do with it? Let me explain 
how I came to select it. 

I trust you have not honored me with this high office simply because 
I have lived long enough to have arrived at years of discretion, nor be- 
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cause you think I will not bore you with too long an address and think 
that I have learned that brevity is the soul of wit, but because you also 
think that I have contributed somewhat to the science to which we are 
devoted. 

If I had some great epoch-making geological discovery of my Own to 
announce, it would be well to throw the limelight of this brilliant occa- 
sion upon it. 

But Osler has suggested that new ideas do not come after sixty and 
others have put the date as early as thirty. Failing such a discovery it 
is natural to look over one’s life and see which work of value seems to 
have been least appreciated. 

I remember my old teacher Shaler at about this time of year, the 
time of the January mark-down sales, said to me: “Lane, I find at the 
end of the year I have a job lot of hypotheses that I would sell very 
cheap !” 

So toward the end of life it is natural to look over ideas to see which 
have been sold and which, though still unsold, you consider valuable. 
Not cheap, but such as you would commend to the attention of a dis- 
criminating audience. 

Six years ago I coined the word Eutopotropism in the heat of informal 
talk to students. Thirty years ago I discussed the early surroundings 
of life* and their evolution and the way life has adapted itself to the 
change* and before that I had discussed the importance of individual 
choice in evolution.’ 

Indeed I might go further back. It is well nigh forty years since I first 
addressed this Society on the réle of the earth’s originally absorbed 
gases." In some respects the conception of the réle of the earth’s origi- 
nally absorbed gases there defended doesn’t need to be brought up again. 


It is sold! 

That volcanic magmas contain gases and yield waters which do not 
come from the surface of the earth is now generally accepted, though as 
late as 19057 my old teacher Shaler said of outbreaks of volcanoes: “This 
action appears to be due to the inclosure of water in the stratified rocks 
at the time when they are laid down on the sea floor; this crevice water 
becomes heated as the rocks become deeply buried, and by the central 


heat, is brought to an exploding strain.” 


3’ Harvard Alumni Bull., Feb. 26, 1925. 

4Science, Aug. 2, 1907, p. 129. 

5 Science, May 4, 1906, p. 702; and Outlook, vol. 58, 1898, p. 479, “Of Pegs and Holes, 
Individuality in Evolution.” 

® Bull. Geol. Soc. Amer., vol. 5, 1894, pp. 259-286. 

7 Shaler: “Man and the Earth,” p. 170-171. 
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This possible source of some volcanic activity illustrated in the frontis- 
piece of Lyell’s geology is now almost entirely ignored. The works of 
Day, Allen, Fenner, Shepherd, Zies and their coworkers of the Geophysical 
Laboratory have thrown much light on the magmatic gases. 

There is, however, a fair question on which we need more light 
which I commend to your consideration. What does become of the con- 
nate waters or petroleum when a sandstone is converted to a quartzite 
or a clay toa schist?* In the process of compaction where and when and 
how do they go? 

The role of magmatic gases and of juvenile waters is so well under- 
stood and so widely accepted now, that I will bore you only for a few 
moments by recounting the evidence on one particular line of activity 
before I take up my main and more interesting theme, which is their 
effect on life. 

The gases have a role in the crystallization of igneous rocks affecting 
not only the coarseness of grain of the igneous rocks and the minerals of 
the igneous rocks which form from a rock magma as candy from syrup 
but also affecting a wet and dry differentiation.2 Hornblende and micas 
replace pyroxene and olivine and the feldspar formation is prolonged as 
the magma gets wetter,® with a consequent shifting of the eutectic or 
cotectic troughs and of the chemical character of the residual magmas 
available for differentiation. Much has been learned since 1895, and the 
recent President of the Association of Petroleum Geologists, Sidney 
Powers, has helped me to contribute thereto.?° ; 

Yet any treatment of rock crystallization and differentiation that 
would satisfy me and the severe and competent critics that would be in 
this audience would need mathematics and figures and diagrams, if it is 
to go beyond some such simple statement as above made, or a statement 
that the hotter the initial temperature of an igneous rock and its country 
rock are and the more the mineralizers, the less pronounced will be the 
marginal belt of finer grain, while the general effect of the retention 
of these mineralized gases is very much as though the temperature of 
crystallization was shifted toward that of the country rock and away 
from that of the original molten rock. 

I remember that Professor Lindgren has complimented me as a “Te- 
formed mathematician.” I must not backslide. So I put aside another 
subject. Geologic time, for instance, has much interested me and it 


® Bull. Geol. Soc. Amer., vol. 24, 1913, p. 404. 
* Wet and Dry Differentiation, Tufts College Studies, vol. III, no. 1. 
10 Bull. Amer. Inst. Mining Engrs., no. 110, 1916, pp. 535-548. 
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would not be unseemly that, on the one and only occasion when a mem- 
ber of this Society rises to the dignity of an American Senator and can 
take all the time to talk that he wants, he should take time for his sub- 
ject. But I have recently spoken on time ** and against time by radio. 
Dr. A. Holmes will treat it in his forthcoming Lowell lectures. Knopf’s 
Bulletin 80 of the National Research Council has just given a masterly 
treatment. Finally, I do not think that I can handle the forty-odd 
methods of estimating geologic time that I have listed, in a fashion to suit 
me, without many figures, some mathematics and several hours! Glad- 
stone, they say, could make a budget interesting, but I am no Gladstone 
and I put it aside. 

Before we discuss the way life has been affected by and has met the 
changes produced by the progressive inorganic evolution which these 
escaping gases have caused let us first consider what signs there are of such 
an evolution and reasons for believing in it. 

Returning to this exudation of gases from the interior, I would ask: 
If there has been a continuous supply of gases from within added to 
the ocean of air and of water and also a precipitation from the ocean 
either directly or by deposits due to organic life, would it not be a very 
striking and remarkable balance if there had not been some change in 
the oceans of air and water and an inorganic evolution in the sediments 
formed in them as well? 

The more active of these gases will be combined and largely precipi- 
tated. For instance, the carbon dioxide so common in volcanic gases will 
be the food of plants and the chlorine and sulphate will combine with 
bases. 

But the more inert nitrogen and the rare gases will accumulate. There- 
fore we are not surprised to find that they form a large part of our 
atmosphere. 

If we find signs of glaciation and a more vigorous climate in early 
times one factor may be that there was less atmosphere then. A rise 
of 300 feet in the atmosphere means a drop in average temperature 
of something like a degree. Thus the climate in times past must have 
varied with the amount of atmosphere. Taking away three thousand 
feet of atmosphere might well bring on another ice age if it meant lower- 
ing the snow line 3,000 feet. This may have counter-balanced any pos- 
sible greater heat on the sun. The diameter of the sun was very likely 
greater and that would tend to equalize the temperature at different 


1 Scientific American, Feb., 1930; Scientific Monthly, Apr., 1931. 
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latitudes. The brightness or amount of heat per unit of its area is likely 
also to have varied. Possibly for the former reason, but very likely more 
from a different distribution of land and water, climatic zones seem not 
to have been as marked in the remote past as at present. 

If the crust of the earth was ever hot enough to vaporize all the water 
in the ocean and the ocean was anything like its present ocean, the tem- 
perature at the base of this very heavy atmosphere might be far above 
100° C. and near the critical temperature of water, 374°. The water 
would remain gas until cooled down to that temperature. Thereafter 
from that point the rock surface temperature would slowly drop, a 
process ignored by Lord Kelvin. 

I do not, however, personally believe that the early ocean either of 
water or air had the volume of the present. If Fouqué was right in 
estimating that one of Etna’s minor parasitic cones emitted in 100 days 
2,100,000 cubic meters of water, in 600 years it would discharge a cubic 
mile. Thus only a hundred such vents would suffice to discharge all 
the 300 million cubic miles of sea water in the 1,800 million years or so 
which it seems likely we have. Thus there is plenty of time to have dis- 
charged the ocean. 

Of voleanic¢ gases the vast bulk is water.’* Some of the water gas might 
be absorbed in hydration of the rocks. But the crust of the earth ever 
near enough to the surface to be hydrated must be much less than 10 km. 
and much less than five percent by weight of the 10 km. can be water. 
This would be about 2 per cent by volume so that the water absorbed 
in the crust must be less than 200 meters, no great addition to the 
volume in the ocean.'* Most of the water exuded from the interior must 
be still in the ocean, whose volume is continually increased by volcanic 
emanations. I know no signs that the earth is absorbing the oceans or 
that they were once deeper than now—quite the contrary. 5 

The next most abundant gas ig carbon dioxide. This can be and is 
precipitated directly as calcium, magnesium, ferrous and other carbon- 
ates. As soon as plants were available, it would be decomposed by them 
into vegetable fiber and oxygen. 

To be sure, vegetable fiber may be eaten and oxygen breathed by ani- 
mals and reunited. Yet in so far as we find carbonaceous matter of 


12 Shepherd, Bull. Hawaiian Volcano Obs., viii, 5, 1920, p. 2; other papers of this 
Observatory and various papers of the Geophysical Laboratory. 

8 Clarke Data of Geochemistry, U. S. Geol. Surv. Bull. 770, pp. 32, 84. 

144M. L. Fuller and others, cited in Clarke, same place, p. 35, make it perhaps 1 per 
cent of the ocean. 
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organic origin in the crust of the earth, petroleum, coal, peat, natural 
gas, et ectera, we may reasonably look for the oxygen which went with 
it, when the carbonaceous matter was reduced by plants from CO,. Some 
of it goes into oxidation of the red rocks, as C. H. Smyth ** has estimated. 
But this will not account for all. For the balance we may look to the 
amount of oxygen in the air, some 4 pounds per square inch, though as 
we really know nothing as to how much carbon there is beneath the three 
quarters of the earth’s crust covered by the oceans, an estimate might 
well be characterized as three hops of hypothesis, a skip of computation 
and a jump to a conclusion ! 

Nitrogen of the voleanic gases must also accumulate, mainly in the 
atmosphere, for the amount in the rocks and waters is much less than 
the carbon dioxide. Here again it may be possible to compute whether 
the nitrogen in the air is to the water of the ocean and the oxygen of the 
air as the analyses of volcanic gases would lead us to expect. The sul- 
phur may be represented in the sulphates of the ocean, the anhydrite 
and gypsum of the land and in the widespread sulphides. The chlorine 
is partly represented in the salt domes and the salt water of the strata 
and the chlorine of the ocean. When first delivered whether as HCl 
or Cl, it would naturally attack the bases in the order of their abundance 
and ease of attack. Calcium and iron chloride would be more abundant 
than sodium chlorides. But when it comes to precipitation, calcium, 
magnesium and iron are surely deposited from the ocean more than the 
sodium. It will be a rare drilled well in which there is not more lime 
than soda in the cuttings. Therefore there will accumulate in the ocean 
an increasing proportion of sodium while in the early ocean there was 
a relatively larger proportion of earthy chlorides. 

While we can not say offhand that the ocean would be growing salter, 
since that would depend on the relative supply of water or base exchanges 
and the precipitation effect of organisms and other factors, it seems 
almost certain that there has been an increase in the proportions of 
sodium to chlorine. Moreover, all lakes without outlets tend to grow 
salter. Why should that great salt lake called the ocean be an excep- 
tion? The old and extra salt waters that are sometimes encountered 
one ‘would have to explain as the residue after the hydration of volcanic 
glass and the formation of chlorite.’® 


1% Jour. Geol., vol. 18. 1905, pp. 319-332. 
1% Bull. Amer. Assn. Pet. Geol., vol. 11, 1927, pp. 1283-1305. 
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But all this is a deduction from the general idea of exudations from the 
interior. Are there facts to substantiate this idea? I think that critical 
study of analyses of waters, and other facts support it. 

The question how we can distinguish between the waters circulating 
down into the rocks now or from past land surfaces, the connate waters 
originally laid down in the rocks, and these juvenile waters which have 
emanated from below from invasions of igneous magmas—has been on 
my mind. It might well be the subject of a course of lectures. But it 
involves a detailed consideration of analyses of the waters. Many of you 
perhaps, like myself, can not very well understand figures by hearing 
them. I have to see them to understand. Perhaps some of you hate 
figures anyway. Moreover, there are men here who have vastly more 
material at their disposal than I, who will take it up and by careful study 
of water analyses will be able to distinguish buried land surfaces which 
have been leached and filled with a water quite different from that which 
originally filled the beds, but I shall not go into the matter in detail 
on this occasion, though I should be glad to take it up with them in- 
dividually. 

I look to a time when with widespread use of accurate analytic methods 
we shall find the rarer ingredients also significant, iodine perhaps rarer 
in the older rock. We might in the age of the surrounding strata find a 
reason for the low iodine and prevalence of goiter around Lake Superior. 
The distribution of Sr and the concomitant gashed dolomites may also 
be significant. 

I expect to see old land surfaces and disconformities recognized by the 
associated waters. I suspect that as in the Red Coulée field of Canada,” 
they will be marked by a lower concentration and an increase in other 
acid ions relative to chlorine, and in sodium as well. Perhaps also, as 
R. L. Ginter suggests, organisms coming in from these old land surfaces 
may be traced by their biochemical reactions. 

Again, while I do not propose to bore you with detailed discussion, 
are there not signs that in the earliest rocks the Keewatin or “green- 
stone schists” as they used fitly to be called, we have a formation which 
does differ significantly from the later rocks? There are less signs of 
contemporary oxidation. The abundant lava flows lack the reddened 
top of later lavas. Sedimentary carbonaceous beds are rare or absent. 
So seem to be red beds of any kind and red gangue or flucan, or hema- 
tites that might be considered metamorphosed laterites. 


17 Bull. Can. Mining Inst., Nov., 1931, p. 1262; Bull. Amer. Assn. Pet. Geol., Oct., 
1931, p. 1161. 
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We do not find beds of salt or gypsum or metamorphic equivalents of 
these in the Pre-Cambrian. I think the ferrous carbonates are more com- 
mon in the Precambrian, which would be natural if this early atmosphere 
was not so oxidizing. 

In this early period when there was little or no oxygen in the air, air- 
breathing animal life would be relatively absent. If we may carry over 
into geology the distinction made in college catalogues between biology 
and zoology, we might say that there was an early Azoic but not Abiotic 
Era. In the early pre-Cambrian Keewatin Rocks signs of animal life, 
at any rate, are rare. 

I am convinced that the pre-Cambrian limestones are akin to the so- 
called “shell marls” which my lamented friend Charles A. Davis studied 
for me?® and showed were mainly the product of lime depositing plants. 
We agreed that the same origin might apply to pre-Cambrian. 

It seems to me probable as a “hunch” that while life began in a rather 
peculiar and individual environment which the chemist and biologist 
after much experimenting have not yet been able to reproduce, it has 
gradually varied to fit varying environments and found a profit in new 
reactions chemical and otherwise. 

For instance, it seems as though in the later pre-Cambrian at a 
rather definite time in the earth’s history, not the very beginning, the 
algae began to throw out lime carbonate, as the stoneworts (characeae) 
do now in our marl lakes. It was somewhat later that the oganisms 
studied by E. C. Harder,’® the iron precipitating bacteria, learned to find 
a profit in the precipitation of iron oxides and initiated a world wide 
age of iron deposits, and it was later yet before the conditions for them 
were so favorable that they abounded, as did the potatobugs about 1880 
when I saw a windrow 3 inches high along high tide and as far as the 
eye could see along the Atlantic coast. 

Still later as Daly has pointed out *° the fishes and a scavenger sys- 
tem was developed with a change in the quality of limestone. F. W. 
Clarke has also pointed out the effect of temperature in changes, the 
proportions of lime and magnesia included in the shells of sundry animals, 
in a series of papers. 

As we have said, volcanic waters are generally acid and the ocean 
water is practically neutral. The rivers are high in sodium lime, et cetera, 
combined with earth and CO, mainly, but a small amount of Si0,. On 
reaching the ocean, the lime carbonate may largely be precipitated as 


18 Jour. Geol., vol. 8, 1900, pp. 485-497. 
1##U. S. Geol. Surv. Prof. Paper 113. See also Lane: Geol. Mag., 1908, p. 485. 
2° Bull. Geol. Soc. Amer., vol. 20, 1909, pp. 153-170. 
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322 A. C, LANE—EUTOPOTROPISM 
limestone (directly or more likely indirectly) but the sodium carbonate 
or silicate may be thought of as converted into sodium chloride while 
the silica is converted into the tests of the diatoms and the CO, is used 
by life in one way and another. 

In the ocean the tendency to an increase of the ratio of sodium to 
chlorine was probably not uniform, for rainy climates and large land 
areas would furnish sodium more rapidly, while a large precipitation 
of salt would leave a residue in which the earthy chlorides were more 
abundant. 

R. B. Newcombe tell$ me that a well at Muskegon, Michigan, 4,715 feet 
deep down to the St. Peter sandstone has 59,785 per million of Na and 
K to 168,000 of Cl, a ratio of 0.353, while wells higher geologically in 
the Devonian but just as deep have a higher ratio of Na to Cl. For 
instance, in a well near Midland, practically as deep down to the Sylvania 
sandstone just below the Devonian (4,697-4,700 feet), the ratio had 
tisen to 0.4 and in the present ocean, the ratio is 0.65. 

In connate waters of the later Paleozoic, the ratio is usually from 0.44 
to 0.53, as found by Reeves.** We must, however, remember that these 
and other buried waters struck by the oil wells have generally been more 
or less altered by diagenetic changes, by bacteria buried with them, or 
introduced later by circulation since burial of the strata, not by any 
means necessarily by circulation from the present surface, but by circula- 
tion from some ancient land surface which in leaching the limestone left 
it full of pores and caves and underground water channels *? in which 
petroleum could later collect, ready to gush out when trapped. Such 
changes from old land surfaces in most cases seem to raise the proportion 
of sodium and of other acid radicals than chlorine even though water 
is absorbed. For instance, the St. Peter’s sandstone shows a fresh water 
2,000 feet down. I have no doubt the normal oceanic Na:Cl ratio of 
St. Peter’s time is less than 0.35 and nearer that of the Keweenawan 
which seems to be near 0.08—the ratio of the time when hard parts and 
land animals may have developed, as we shall see. 

But what about the life that has existed in this changing physical 
environment of the ocean? 

While the single celled forms multiplied in the water which brought 
them their food, those which showed they had a capacity to cooperate 
to help the circulation of sea water around through the mass had an 


21 Yet he found for his Devonian brines the ratio 0.355. Johns Hopkins Univ. Contrib. 
to Geol., March, 1917, p. 65. 

22See Howard: Bull. Amer. Assn. Pet. Geol., vol. 12, Dec., 1918, p. 1153; and R. B. 
Newcombe: Bull. Geol. Soc. Amer., vol. 42, 1931, p. 725. 
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advantage which led to the porifera or sponges which have a circulatory 
system which ultimately led to that of the blood of our veins. 

Even though there was life even in the hot waters of the geysers, the 
chances are that somewhat cooler and somewhat less acid waters would 
on the whole be better for the activity of the protoplasm. While in the 
beginning there would be no limy shells in the acid or soft waters, and 
no tendency to produce them and if produced they would have been 
promptly dissolved, the time would come when the concentration passed 
the physiological optimum which doctors tell us is about eight parts per 
thousand. Then what? Some of the organisms would secrete some of 
the extra salts. If they were secreted internally, they might serve as a 
skeleton support. If they were secreted around the outside, they might 
serve as a shell-like protection. A leathery or shell-like protection might 
serve to protect from evaporation as well as attack. They could stand 
exposure to the air. Some of them might find themselves better off in 
streams where the water was somewhat too fresh, than in the ocean where 
the water became too salt. Others would find the reverse. So we find 
forms diverging, fitting themselves for different stations. 

Thus we find in fresh-water forms various concentrations below—in 
salt-water forms, concentrations above—and in land forms the concen- 
trations just about—eight parts per thousand. 

While Quinton who first emphasized these facts** considered that 
concentration the original composition of the ocean, I maintained that 
it is more likely to be that of the ocean at the close of the pre-Cambrian, 
not 2,000 million years ago, but only some 500,000,000. We find the 
urge to secrete hard parts appears in the same geological period with a 
simultaneity in various lines of life that points to some changing factor 
in their common environment as the cause. 

The Keweenawan, however, whether Cambrian as I believe, or pre- 
Cambrian—the current work of Doctor Urry on the helium, radium, 
thorium ratio of its traps may have settled the question—was at any rate 
laid down under an oxidizing atmosphere, so that its red sandstones 
and weathered traps are much like those of later days. It is very dif- 
ferent from the Keewatin, and the normal ratio of Na:Cl seems to be 
not far from this critical value. 

When the ocean passed the physiological optimum, some forms were 
carried passively with it. Others resisted by secreting shells, by de- 
velopment of a special circulatory fluid and by getting out on land. With 


3 T’eau de Mer Milieu Organique. The early surroundings of life. Science, Friday, 
Aug. 2, 1907. Isolation by choice. Science, May 4, 1906, p. 702. 
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the modification of environment came the command “modify to match, 
or migrate, or go to the morgue and mortify! The annelids and the clam 
were fitted to stay in the mud and they stayed. My ancestors were “fitted 
for higher things” and migrated to find them.** Both were better but 
for different environments ! 

Various modifications fitted them for various stations in life. But 
the modification came first as assumed by the theory of preadaptation of 
Davenport *° and Cuenot. 

If so, it is altogether likely that some organisms did not go to, or find 
the place which they fitted. 

Only those who had the sense to go to it or if they were there acci- 
dentally to stay in it would profit by their fitness and variation advan- 
tage! If their children inherited their variation and their sense, they 
would in turn profit by it. Thus a nerve reaction or variation, an in- 
telligence correlative to the other variation was needed. 

Some forms would be fitted for land life, could emerge from the sea 
with a circulation cut off from the sea yet retaining traces of its composi- 
tion at the time they emerged, and a skin to prevent its evaporation too 
fast—just enough to keep them cool on hot days. In the new surround- 
ings which they alone fitted they would find less competition. If they 
were eutopotropic, they would stay there and mate with others like- 
minded. 

‘But once out on land, there is a wide variety of climate—from that 
of a tropical jungle or of a tropical desert or to that of a Siberian desert, 
or to that of the Antarctic continent. Yet almost everywhere we find 
forms of life, fitted so that they can survive and thrive in those surround- 
ings. Sometimes they have to seek other surroundings to breed. 

Now this we notice, that while they are fitted to their surroundings, the 
higher life which is mobile does not have to stay there. Indeed, like 
the migrating bird, it often journeys far. Among the most wonderful 
journeys are those of the eels, from the center of the Atlantic to the fresh 
water streams and back, and the salmon, from the fresh water streams 
to the ocean and back. 

In other words, with fitting the environment goes finding the environ- 
ment that fits. Let us illustrate again.?° 

Before the Himalyas were nearly as high as present, elephants roamed 
Asia. Some had less hair and were better fitted for the climate of India, 
others had more and were better fitted for the climate of Siberia. But 


% See also H. Van Dike’s: Quatrain to a Recreant Clam, Poems, 1930, p. 554. 

2 The Animal Ecology of the Cold Spring sandspit, with remarks on the theory of 
adaptation, vol. x, Decennial Publications, University of Chicago, pp. 172-175. Also, 
“The Mechanism of Organic Evolution,” from the Smithsonian report for 1930, pp. 


7-429. 
| Alumni Bull., 1925, p. 649; Tufts College Weekly, Jan., 1910, pp. 175-181. 
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there was nothing to prevent the hairy one going south. No doubt some 
did and got too hot and caught cold and died. 

Little by little, however, there was a gradual segregation of the hairy 
to the north, the hairless to the south. 

We will agree that there have been great changes of climate. Through 
these nature commanded: Modify or migrate! Some animals preadapted 
could obey the first alternative, others sensibly eutopotropic obeyed the 
second. Those without variability or intelligence perished. 

This finding the place for which the organism is fit we call intelligence, 
or especially when it is hard for us to imagine that in the animal mind 
the movement is toward a clearly conscious goal, instinct. But in gen- 
eral, the higher animals seem to have instinct replaced more and more 
by conscious intelligence. Behavior which seems to be controlled by 
the future by an aim or goal, we call intelligence, whereas action which 
we can predict from the past alone is merely mechanical. 

“Westward the star of empire takes its way” describes in poetic lan- 
guage the spread of the race of man over the world after the last ice in- 
vasion. It is in part perhaps instinctive. It has culminated in my life- 
time in the attainment of the North and South Poles, the battle of Manila, 
the entrance of Japan into the list of great powers, and the formation 
of the League of Nations after a world-wide war. 

But the settlement of America was partly that of intelligent purpose. 
My Puritan forebears came with a definite aim, to construct a common- 
wealth (note the word “common”) which should be nearer what they 
thought God wanted, a purer form of government in Church and State— 
a representative government that represented the will of God. 

Carl Schurz and the “Lateinische Bauern” came to get a greater free- 
dom and a more democratic government than then existed in their father- 
land. Many before and since have come to America from many lands, 
the cream of their respective communities, because they were the more 
discontented and restless, who sought like Abraham of old a better land, 
or as the Pilgrim said, enlargement. These restless energetic souls, even 
though they may be classed themselves as dangerous radical, may make 

fine sires. Many people who would think of Congressman Lindbergh as 
a dangerous radical would agree that he was a success as a sire, and that 
the United States stock would not have been improved by keeping him 
out. 

My Uncle Daniel went from New England to Kansas in the days of 
bleeding Kansas. So his son enlisted in the days of the Spanish War and 
now finds himself in Honolulu. 
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In the development of the United States, in the pushing back of the 
frontier, in the development of the oil business, there has often been 
little conscious planning for the good of the whole, any more than there 
was in that wild stampede of individualists which opened the magnificent 
State of Oklahoma. It was partly “each for himself and the devil take 
the hindmost” and partly “there is plenty for all, help yourself. Uncle 
Sam can give every man a farm.” 

Twenty-odd years ago, called upon to speak at a banquet in Saginaw, 
about 1 o’clock in the morning, I told the Saginaw business men that 
when they ran out of other fuel, they would strike gas! I also told them 
I hoped they would not strike it before they had changed the State law 
to prevent overdrilling. They found it where I said, but they had not 
changed the State law as much as it should be, and even since I started 
writing this, a horrible tragedy of burnings involving some of my friends 
has occurred and may be due partly to overcrowded wells. Overcrowding 
is emphasized in this year’s Michigan Engineer. 

But, as when the ocean grew too salt, survival was for those who could 
find a fit place in new conditions, so it is now. Conditions in America 
have changed. Our early towns grew helter skelter. Now we have city 
planning boards and the eutopotropic man if he fits that kind of thing, 
will seek a decent, a beautiful and a well laid-out town. No doubt, too, 
there will be for a good while helltowns and people who find themselves 
most at home there, will turn that way. 


The era of expansion of the human race approaches its.close. The 
era of organization, of cooperation dawns. Not only in the petroleum 
business, but in world affairs, the question is who has enough sense, enough 
intelligence to find his place, the place where we fit, and our nation gets, 
to find its place in these new conditions. 

“The old order changeth, yielding place to new 


And God fulfills himself in many ways 
Lest one good custom should corrupt the world” 


We have been absorbing the gold of the world. We have more than 
half of it. We were gathering in the rest at a rate that would surely corner 
it. This has not been deliberately and intelligently done, but the result 
has been one factor in business depression. As we cornered gold the price 
of everything else measured in gold went down. If continued, sooner 
or later debts payable in gold can no longer be paid. Shall we have in- 
telligence to see this and arrange for some way in which the debts due us 
from Europe shall be paid in some work for world welfare, but not in gold ? 
Shall we have sense enough to fit the new conditions and learn from Him 
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who said: “He that would be greatest among you, let him be the servant 
of all.” Or shall we, buzzing some clichés falling down before some fetish, 
seduced by some shibboleth of isolation and independence and separation 
of politics and economics, continue to butt our head against the wall, kick 
against the pricks and squeal when we are hurt thereby? 

Years ago I was geologizing down South and one noon we unhitched 
the mules from the buckboard and left them'to eat their rations of corn 
from its rear while we sought a cooler spot under the shade of a tree a 
little out of sight. 

After a little the noontide stillness was pierced by a tremendous voci- 
ferousness, unquestionably arising from one of the razorbacks. I said to 
my driver: 

“Alex, one of those mules must have kicked a hog.” 

“Hit sounds lak hit.” 

The noise continued in undiminished volume. The air quivered. 

“Tt must have broken her leg. Let’s go and see.” 

We went over. The hog had too much sense, was too eutopotropic to 
get near the business end of the mule, but in reaching through the spokes 
of the wheel, the spokes caught her by the nape of the neck. As soon as 
she felt caught, she braced and the more she braced, the tighter she was 
held. But her vocal powers were not checked at all. We sat and laughed 
for a while. Then Alex put his foot on her neck. One magnificent 
squeal and off she trotted, unhurt. 

Many animals have no more sense than the hog or the moth with the 
candle. They will draw tight the cord that holds or chokes them. 

How much better are we? 

When I suggest a tax of two cents a thousand on gas produced whether 
used or not, will I be greeted with squeals of remonstrance as vigorous as 
that which greeted Doherty’s unitization plan? There is that which 
with holdeth more than is meet, but it tendeth to poverty. Those who 
protest may be much benefitted. If I suggest that every well not a fifth 
of its depth back from its property lines, must show by survey that it is 
not trespassing ! ? 

Have we sense enough to fit ourselves to the réle of a creditor nation? 
Being the richest nation on earth, have we sense enough to know that 
pride goeth before a fall, or have we sense enough to wisely use our 
wealth as trustees for the world, in stamping out disease, in preserving 
ocean life, in studying the climate of the world, in building the beacons 
of the air, in educating men of science? It would be selfish in this au- 
dience to suggest that Germany pay part of her debts by educating in the 


@ 

1€ 
on : 
re 
ot 
ce 
le 
at : 
m 
ot 
d 
ls 
d 
y 4 
59 
2S 
e 
n 
3, 
| 


328 A. C. LANE—EUTOPOTROPISM 


advanced work of the universities 400 of the American geologists out of 
work, though it would to that extent accomplish a threefold object: not 
only relieve unemployment, but help Germany’s task of reparations, and 
improve our geologic skill. 

So I do not emphasize this, but I would urge that it is senseless as a 
nation to shut our eyes and content ourselves with saying: “They bor- 
rowed, let them pay” without considering how they are to pay. 

I have wondered if the policy of counting every admixture of the white 
and black races as black, allowing free marriage between black and colored 
and checking marriage between colored and white (though not entirely 
preventing breeding) was intelligent and would not inevitably and mathe- 
matically lead to a larger and larger preponderance of colored with more 
or less white blood ; whether our attitude toward the Indians (which has 
led to persons like Mrs. Woodrow Wilson and Calvin Coolidge, Vice- 
President Curtis, and others) was wiser. 

As geologists we use the present as a key to the past. From past and 
present we should be more able than many to outline the trend of things. 
There is the present duty on us to advise and warn our business associates 
and fellow citizens as to what the experience of the past billion years 
teaches. 

The American people are cramped by legislation and by a respect for 
tradition in the legal profession, which is not without advantage in re- 
taining what is good from the past, and geologists are evolutionists rather 
than revolutionists. But it hinders greatly that adaptation to changing 
conditions which one finds in the frontiersman. 

It made it very hard to change the laws suited for the wet climate and 
rural conditions of England and the Emerald Isle regarding water rights 
so as to have a code suited to a land which is worthless without irrigation, 
or to handle the problems when great cities spend tens of millions and 
reach out tens of miles to remote watersheds crossing State lines for their 
water. 

The great works of the present, like the Chicago drainage canal, affect 
men from Georgian Bay on the north side of Lake Huron to New Orleans. 
They are not State matters. 

So again the flood of oil in which you petroleum geologists have so suc- 
cessfully, too successfully, applied your science to the development of na- 
tional resources, can it be handled by individual State action any more 
than can a Mississippi flood ? 

In these days of automobiles, to say nothing of airplanes, when in our 
smaller New England States a man can be in five States in an afternoon, 
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is talk about throwing the control of the liquor traffic back into the hands 
of the States the buzzing of the June bug? 

Again, facing the problem of unemployment, modified as it is by the 
enormously increased powers of production, is it not necessary that some 
planning be done as to what and how much shall be produced? If some 
new invention puts whole communities out of business through no fault 
of their own, as the invention of rayon silk has crippled the making of 
cotton stockings, would it be too much to demand part of the invention 
royalties to rehabilitate and to teach those thrown out of work some new 
and useful work? 

Should anyone out of work be helped until he had been examined for 
the work to which he is preadapted? Possibly he may be out of work 
because he is no good at the job into which he drifted. Should a prere- 
quisite for a dole be four hours a day of study ? 

All these are questions which require sound sense, a spirit prepared 
for progress, but guided by the experience of the past. 

Fifty years ago Dr. Penrose and I were in Harvard together. Little 
did I dream that I should succeed him as President of the Geological 
Society of America, or that he would leave to the Society the magnificent 
endowment that will be a monument to his memory more enduring than 
any erected in a cemetery. In the first place, there was no such society. 
In the second place, he was a freshman when I was a sophomore, and got 
his bachelor’s degree a year later than I, though he received the degree 
of Doctor of Philosophy from Harvard two years before me, having the 
practically unique distinction of obtaining it at Harvard in two years 
after the A.B. 

Now the large endowment brings to the Geological Society new con- 
ditions. Shall it be adaptable, eutopotropic? While I do not forget 
that word of our Saviour, “Where the carcass is there are the buzzards 
gathered together,” I have faith to believe that we have sense enough to 
be eutopotropic, and will find in these larger conditions room for worthy 
expansion, that the new conditions may be to us as the expanding shell 
to Holmes’ Chambered Nautilus: 

“Build thee more stately mansions, 


Oh my soul, 
As the swift seasons roll! 
* 
Let each new temple, nobler than the last, 


Shut thee from heaven with a dome more vast,” 
* * 
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Environment, heredity—these are not all the factors in evolution. We 
must add our individuality as helmsman. Some of you have doubtless 
seen a yacht race. As a son of the Old Bay State, let me close with the 
following sonnet, dedicated, with his permission, to probably the most 
skillful helmsman in the United States, Charles Francis Adams—a sonnet 
which gives a picture of the three factors in evolution. Besides heredity 
and environment we have individuality—+z. e., eutopotropism—sense to 
steer a skillful course, sense to find the fastest track. 


THE YACHT RACE 


Oh watch the sloops with sails that flash out bright 
Against the ruffled sea and grayer sky 
Along the horizon, when the waning light 
Strikes fairly on the mainsails towering high. 
They vanish as they come about to tack— 
First one and then another, as for each 
The helmsman picks her individual track, 
Knowing his own boat’s sails and lines and reach. 
So studying wind and wave and rip and tide 
Toward the desired haven they beat in. 
Be breeze adverse or light, yet on they glide, 
The skipper’s wit counts much the race to win. 
Our forebears give the boat, but we must steer 
Across life’s seas, though weather foul or clear. 
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INTRODUCTION 


MISUSE OF THE TERMS REEF AND CORAL REEF 


In her monograph on the Dolomites of South Tyrol, Dr. Ogilvie- 
Gordon (’27) says, quoting Rothpletz, “The time has come when the 
term ‘reef,’ if it is to have any validity, must be given an exact definition.” 
Mojsisovies (’79), although he consistently employed the term reef for 
the Tyrolean structures, refused to add the designation coral, stating 
that, “In order not to admit into the designation a prejudicial theory, we 
have omitted the qualifying word ‘coral.’” In the light of recent studies 
his caution has been more than justified. Vaughan (711) in 1911 sug- 
gested the following definition of coral reef: “A coral reef is a ridge or 
mound of limestone, the upper surface of which lies, or lay at the time of 
formation, near the level of the sea, and is predominantly composed of 
calcium carbonate secreted by organisms, of which the most important 
are corals.” Howe (712) objected to this definition because it makes too 


1 Manuscript received by the Secretary of the Society January 15, 1932. 
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much of corals and too little of algae. Skeats (’18) raised the same 
objection, stating that, “The careful . . . work of Dr. Hinde on the 
material from the borings at Funafuti . . . [shows] that in the upper 
180 feet of the boring, whose coral reef origin no one has questioned, about 
one-fifth of the organisms consist of corals, the remainder consisting of 
calcareous algae, foraminifera and other organisms.” Michael Spender, 
one of the geographers of the Great Barrier Reef committee, points out 
the “baffling” results of borings in the Low Islands and Michaelmas Cay, 
and observes that, “The definition of a coral reef becomes more difficult 
as these unaccommodating facts are revealed”; and quotes W. J. Sollas 
(04) as follows: “So far as the structure of Funafuti has been proved 
by borings, it is scarcely what a field geologist might have anticipated, 
and if deposits of a similar nature and origin had been encountered in, 
say, the Mountain Limestone, it is doubtful whether, previous to the bor- 
ings in Funafuti, their interpretation would have been easily reached.” 

Walther’s definition (°91), evidently overlooked by these authors, meets 
some of these objections, but still puts too much emphasis on the im- 
portance of corals. He says, “A coral-reef is an isolated calcareous mass, 
rising above the sea bottom, and essentially built by branching corals 
which collect the detritus-sand and prevent it from being evenly spread 
over the sea bottom.” * Walther recognized the fact that the greater part 
(“three-fifths”) of a reef consists of coral sand caught between the corai 
stocks, and that many other organisms help form the reef. He repeatedly 
emphasizes the upstanding, isolated form of a reef, and its composite 
character. | 

Nevertheless the geological literature of the past quarter of a century 
contains every possible application and misapplication of the terms reef 
and coral reef. We find innumerable writers using the term for bedded 
structures that certainly did not rise above the surrounding sea bottom, 
and consequently do not fit any admissible definition of either reef or 
coral reef; small lenses and ballstones; even individual coral, algal and 
stromatoporoid heads; totally inorganic structures such as the reefs of 
the navigator; the edges of highly inclined layers of rock, such as the 
“reefs” of the Australian gold miners; lodes of ore, etcetera. The re- 
sult is that the word reef in geologic literature means nothing, unless 
each occurrence is accurately described, and this is seldom the case. 

As examples of the difficulty of determining what is meant by “reef,” 
I shall mention two recent summaries of the best known occurrences of 


2Ein Korallenriff ist ein isoliertes, tiber den Meeresboden sich erhebendes Kalklager, 
wesentlich gebildet durch iistige Korallen, welche den Detritussand auffangen und ver- 
hindern, dass er sich tiber den Meeresboden gleichmiissig ausbreite. 
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fossil so-called reefs. First is the very useful summary of “Paleozoic 
coral reefs’ by Vaughan (711). He lists, among others, the “reefs” 
of Archaeocyathinae of the Lower Cambrian; Cryptozoon, Stromato- 
cerium and Columnaria reefs of the Ordovician; coral and stromato- 
poroid reefs of the Silurian, including such structures as the small 
stromatoporoid balls of the Cayugan and the ballstones of the Wen- 
lock; coral reefs of the Devonian, including the famous “reef” of Louis- 
ville, Kentucky ; Lithostrotion reefs of the Mississippian of Indiana, et- 
cetera. Now it is well known that many of these are purely bedded struc- 
tures, such, for example, as many of the so-called Cryptozoon reefs, Co- 
lumnaria reefs, Lithostrotion reefs, and the much cited and much mis- 
understood Louisville “reef” of the middle Devonian. The second au- 
thor, Grabau, in his Principles of Stratigraphy, endeavors to escape this 
dilemma by using the term “bedded reefs”’—a curiously inconsistent 
term, since a typical reef is by its very nature a nonbedded structure. 
Nor is he at all consistent in what he refers to the category of reefs, for 
we find here a mixture of reefs, ballstones and bedded structures. 


DEFINITION OF BIOHERM AND BIOSTROME 


Let us consider for a moment the dictionary meaning of the word 
reef. I quote from the Murray Dictionary. The word reef, from the 
Dutch rif, a rib, means “A narrow ridge or chain of rocks, shingle or 
sand, lying at or near the surface of the water.’ Formerly also “Reef of 
rocks.” It applies most especially to such a ridge or rib of rocks as a 
vessel might strike or ground upon. It was a highly appropriate name 
for the great navigator, Captain Cook, to apply to the dangerous, and to 
him well-nigh disastrous shoals of the Great Barrier of Australia. There 
is no intimation, nor should there be, in the commonly accepted mean- 
ing of the word reef, that the structure is organic or otherwise; but there 
is the clearest possible specification that it is a structure rising close to 
the surface of the water, from presumably navigable depth, and having 
a ridgelike or riblike form. Walther (91) and Vaughan (711) have 
recognized this characteristic in their excellent definitions; but the lat- 
ter has admitted qualifications which, as Howe and Skeats have pointed 
out, do not entirely square with the facts. 

In order to escape some of these difficulties, Dr. Shrock and the 
speaker (’28) in 1928 proposed the term bioherm, from the Greek stem 
bio and the Greek word herma (é0u%) meaning a reef, bank or mound; 
for reeflike, moundlike, lenslike or otherwise circumscribed structures 
of strictly organic origin, embedded in rocks of different lithology. By 
considering the last qualification as in posse.as well as in esse, one may 
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also include under this definition active reefs and other appropriate or- 
ganic structures. 

For purely bedded structures, such as shell beds, crinoid beds, coral 
beds, etcetera, consisting of and built mainly by sedentary organisins, 
and not swelling into moundlike or lenslike forms, I propose the name 
biostrome, from the Greek stem bio and the Greek word stroma (orowpa), 
which means a layer or bed. Literally this word stroma, much em- 
ployed already in paleontological names, means anything spread or laid 
out for sitting or lying upon; and so a bed or mattress. It occurs in 
geological literature occasionally in the sense of stratum, as in the little 
used word stromatology, for stratigraphy. Kalkowsky (708) used it 
to make up his word stromatolith, applied by him to certain curious 
layered, banded structures in the Buntersandstein, associated with 
odliths, and supposed to be organic. The same word has recently been 
used by petrographers for lit-par-lit structure, though Kalkowsky’s name 
clearly has priority. (See Foye ’16 and Lane ’31.) -Biostrome means 
literally an organic layer. 

Grabau’s greatly elaborated, but nevertheless increasingly recognized, 
terminology includes such terms as biolith, zodlith, phytolith, etcetera, 
for various rocks of organic origin ; but does not include the proper terms 
for specific forms such as reefs, bioherms, biostromes, etcetera. 

Bioherm and biostrome lend themselves to combination with the word 
lithos to form such words as stromatolith (already mentioned) and 
hermatolith, or hermatobiolith (reef-rock). Davis (’28) applies the 
name hermatapelago to a group of coral islands. 

* Fenton (731) has recently suggested that the term chapeiro be ap- 
plied to the moundlike bioherms of northern Indiana. It is true that 
Cumings and Shrock (’28) compared the upgrowth of the reef core of 
the Indiana structures to the growth of a chapeiro. This was, however, 
more a device for conveying the impression of an upgrowing mass, ulti- 
mately reaching the sea surface, than an intention to make chapeiros 
out of the Indiana bioherms. Chapeiros, as described by Hartt (770), 
Paradice (’25) and others, are relatively small, and in most cases quite 
slender affairs, flaring out at the top at the level of most rapid growth; 
whereas the Indiana structures are massive, and probably arose as steep, 
stocky mounds rounded over at the top. Many chapeiros might con- 
ceivably combine to form a bioherm core. In the lagoon of the Great 
Barrier Reef, which I believe is the nearest modern analogy to the origi- 
nal environment of the Indiana bioherms, the lagoon islands are not 
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formed as chapeiros, though they may have many chapeiros on their sub- 
marine slopes. 

The question has also been asked why the term Klint might not be 
used in place of bioherm. The klintar of Gotland and the Wabash valley 
are merely erosion forms produced by the denudation of rocks containing 
bioherms, which, because of their superior durability, etch out in relief. 
They are strictly topographic features, whereas a bioherm is a bioherm 
whether it affects the topography or not. 


Main Types oF STRUCTURE INCLUDED UNDER BIOHERM AND BIOSTROME 
CORAL AND ALGAL REEFS 


The enormous literature of coral reefs is scattered through geological, 
zoological, botanical and geographical publications of the whole world. 
Useful summaries will be found in Langenbeck’s three papers (90, 97, 
07), Walther’s “Allgemeine Paleontologie,’ Grabau’s “Principles of 
Stratigraphy,” Seward’s “Plant Life through the Ages” (on the botani- 
eal side), and Davis’ “Coral Reef Problem.” A perusal of much of this 
literature and of the leading summaries reveals the fact that most of it 
is concerned with the controversy over the Darwin-Dana subsidence 
theory. Perhaps this long-drawn-out controversy has stimulated the in- 
vestigation of coral reefs. It has certainly absorbed much of the energy 
that might well have been devoted to the investigation of such uplifted 
structures as are open to geological observation. The lack of knowledge 
of the internal structure of reefs has not only been a serious handicap 
to the protagonists of the two sides of this controversy; but has been an 
even more serious handicap to geologists who wish to know how to recog- 
nize a reef embedded in ancient rocks. Davis (’28) is forced to admit 
that “Little has yet been learned of the structure and physiography of 
elevated reefs.” 

I shall now discuss the chief internal characters of true reefs, the most 
interesting and extensive structures included under the new term bio- 
herm. The superficial features of reefs, such as may be seen above or 
near the surface of the water, are too well known to require further de- 
scription. The internal structure of active reefs can only be inferred from 
the external form and the manner of building, or from borings. I take 
this occasion to remark that the trustees of great research foundations 
could scarcely find a more worthy cause to which to devote some of 
their resources than the investigation of coral reefs by means of care- 
fully placed borings; and the study of recently elevated reefs. 
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It is commonly assumed that a coral reef consists throughout of corals 
or coral fragments more or less mixed with remains of other denizens of 
the reef. The failure in nearly every instance to find anything of the 
sort in ancient structures suspected of being reefs, has lead to endless 
controversy, as in the case of the Tyrolean structures, or to long post- 
poned recognition of perfectly good reef structures, as in the case of the 
Indiana and Texas reefs, and the “Reef-knolls” of the Craven district 
in England. The reasons for this disconcerting paucity of organic re- 
mains, and especially of corals, in reef-rock have, however, been re- 
peatedly pointed out. They are chiefly three: diagenesis, often involv- 
ing or followed by dolomitization; the unique contribution of algae to 
nearly all reefs; and the sedimentation of material pulverized by the 
waves and macerated and triturated by boring, predatory and mud-eating 
organisms. 

Mojsisovics emphasized the fact that most coral skeletons consist of 
aragonite, and thought that the easy solubility of this form of calcium 
carbonate might account for the disappearance of corals from the Ty- 
rolean “reefs” ; though it is now known that these structures were built 
chiefly by algae. Dana states that absence of fossils is a common char- 
acteristic of the fine compact coral rock ("72). Walther has very care- 
fully described the diagenesis of coral rock (*94, 719); and in his im- 
portant memoirs on the reefs of the Red Sea (’88) and the Palkstrasse 
(°91) tells how effectively the boring and predatory organisms triturate 
the reef material and help prepare the coral sand and mud that fills in 
the cavities of the reef between the coral growths. Richarz (710) states 
that in some of the older elevated reefs of the Indo-Australian Archipelago 
the organic structure has practically disappeared. Skeats (718) and 
Collet (708) point out that in the Funafuti core aragonite is present down 
to a depth of 30 meters; but disappears below this depth, for two reasons: 
transformation into calcite, and complete solution by sea-water. From 
67 to 194 meters the material is a coral sand, consisting almost entirely 
of organic debris composed of calcite. The rapid dolomitization of coral 
reef rock is demonstrated by the Funafuti core and by Walther’s studies 
of the Red Sea reefs. Most of the older reefs are composed of dolomite. 
The work of mud-eating animals, such as the beche de mer of the Great 
Barrier, in triturating and macerating the coral material is carefully de- 
scribed by Gardiner (’31) and Wood-Jones (710). 

The important contribution that algae make to the building of coral 
reefs is emphasized in most of the later literature, and especially in the 


3 Especially by Darwin, Dana, Mojsisovics, Guppy, Semper, Walther, Andrée, Collet, 
Langenbeck, Grabau, Twenhofel, Gardiner, and others. 
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valuable recent books of Gardiner, Wood-Jones, Seward and Pia.* Gardi- 
ner says: 

“While Lithothamnion is an important builder-up of submerged shoals in 
the tropics down to about 60 fathoms, Lithophyllum is the chief genus in the 
seaward growth of the reef edge. . . . The number of species of nullipores, 
including dredged forms, belonging to a coral reef is seldom more than a dozen. 
At the same time no coral reef is known in the Indo-Pacific which could be 
conceived as reaching the surface and forming a firm front to the ocean with- 
out their help. It is rarely, however, that they play a part other than sub- 
ordinate to the reef corals as builders of the whole reef as shown by its per- 
centage composition. It is different in the Atlantic, where off certain bays in 
the Cape Verde Islands fringing reefs have been formed almost entirely by 
them. On the Brazilian coast, too, they are described as the chief consolidators 
of sand and builders of reef from 18° S. to the fresh waters of the Amazon 
mouth. . . . On [Funafuti] atoll there were numerous Halimeda clumps on 
the lagoon sand flat and parts of the surfaces of the lagoon shoals [chapeiros] 
were almost covered by them. Indeed in some of these positions Halimeda was 
the chief builder . . . borings put down therein [in the lagoon] showing 
a dominance of Halimeda fronds in the “cores” down to 200 feet.” 


According to Pia (°26) the genus Halimeda is a very important con- 
stituent of both ancient and modern reefs, preferring the quieter, pro- 
tected lagoonal waters. The Corallinaceae (Lithothamnium, Melobesia, 
Lithophyllum, etcetera) are regarded by Pia, and by practically all stu- 
dents of reefs, as the most important builders, especially on the exposed 
parts of the reef. Lithothamnium, of which Solenopora is the Paleozoic 
representative, is preeminent as a reef builder; and has extended its con- 
quests into polar waters so that, according to Kjellman (’83), along the 
northern coast of Norway L. scoriferum “covers large spaces of the bot- 
tom in great masses,” and L. glacwle “covers the bottom in deep layers 


for several miles.” . . . “In the formation of future strata of the 
Earth’s crust [says Kjellman] . . . it must become of essential im- 
portance.” 


The portion of a typical coral reef or bioherm, therefore, which is di- 
rectly fabricated by the organisms, chief among which are algae and 
corals, is a ridgelike, moundlike or towerlike unstratified mass made up 
of the fragments of organisms embedded in a matrix of triturated and 
macerated sand and mud; and often so completely diagenized and dolo- 
mitized that most of the original organic structures have been destroyed. 
This is the core-rock or reef-core. It has a massive, rough and porous, 
often cavernous or loose appearance, and usually a pronounced vertical 
cleavage or jointing. In composition it is either a pure carbonate of lime 


4Gardiner ‘31, Wood-Jones ’10, Seward °31. Pia '26. 
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or dolomite, with only minute proportions of insoluble residue (Skeats, 
05). In fact any unbedded, pure calcareous rock, with minute insoluble 
residue may be suspected of being reef rock, or hermatolith. 

It has long been inferred from the steep oceanic slopes of coral reefs 
and the inevitable accumulation there of a submarine talus, that the 
core-rock of a reef should be surrounded or flanked by steeply inclined 
layers. Since these inclined beds, to which Mojsisovics gave the name 
ueberguss-schichtung, can not be seen in an active reef, and since recently 
elevated reefs have been very little studied, such inclined beds have seldom 
been observed. Slightly inclined layers of “beach-rock” can be seen 
along the margins of many reefs; but these layers are not weberguss-schi- 
chtung.. Richthofen (’60) and Mojsisovics (’79) were the first to call 
attention to steeply inclined flanking beds, in the so-called reefs of Tyrol; 
but their conclusions have been called in question by other observers, 
and especially by Ogilvie-Gordon, (727) who regards most of the sup- 
posed reef-slopes (Béschung) of Mojsisovics as due to faulting and 
erosion. Nevertheless such inclined beds do exist and have been care- 
fully described in many American bioherms by Chamberlin (’77), Gra- 
bau (713) and the speaker (28). They exist, according to several ob- 
servers, in typical development in the great Capitan reef of West Texas. 
They should be looked for in any bioherm of the typical reef form. 

In casting about for modern analogies to the mound-shaped bioherms 
of the Niagaran of the Michigan Basin, I have reviewed the literature 
of the Inner Reefs and Low Islands of the Great Barrier Reef lagoon 
of Australia. These appear to be comparable in size and structure. 
These island reefs arise from the level floor of the Lagoon, which has 
an average depth of about 200 feet. Their slopes, except to windward 
are rather gradual. Spender (730) says: 

“The characteristic shape of the reef profiles of the Low Islands is convex 
above and concave below. The steepest slope occurs at the point of inflection 
between the curves, and the steepness varies with the position about the reef, 
the values being 12°, 15°, 16°, 17°, and 34°; this last value, the steepest, was 
at E., the windward apex of the reef, where also is situated the curious trough 
in the mud at the base of the slope. . . . [The submarine slopes are] rocky 
the whole way round the island except where the sandy anchorage makes a 
break in the plan of the reef. . . . [A diver] walks along the bottom be- 
tween great columns of rock [chapeiros] over a floor which may suddenly drop 
into a deeper and darker space.” 


In the sheltered waters of the lee of the reef these columns or pinnacles 
are very numerous, and flare out in the zone of maximum growth, about 


5 See Crandall ’29, Lloyd ’29, Blanchard and Davis ’29, and Robin Willis ’29. 
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2 feet below the surface of the water, so that they often have a mush- 
room shape. When attacked, as they occasionally are, by cyclone waves, 
they are broken off and thrown on the shore as great boulders or “nigger- 
heads” (coral heads). The bottom adjacent to the reefs is “very 
muddy.” 

It has been a view, made much of by Vaughan and others, that reefs 
can arise only on solid bottoms. Both Steers (’29) and Spender (730) 
point out the fact that no such solid rock foundation was found for the 
reefs of the Great Barrier lagoon. The results of borings were most 
“unexpected.” A bore in Michaelmas Cay reached a depth of 600 feet. 
“The log shows that apart from a few feet of solid material the coralline 
material was loosely coherent, that it extended to a depth of 427 feet, 
and that beneath this . . . down to a depth of 600 feet there was 
nothing other than rounded quartz with abundant foraminifera, and 
shell fragments with much glauconitic material.” (Steers, 729.) Steers 
(29) remarks that this boring shows that a reef can grow on uncon- 
solidated material. This is in line with the observations of Sluiter (790) 
on the reefs of Batavia Bay, and those of the speaker on the Indiana 
bioherms. (See also Walther, *91.) 

The results of shallow borings are even more puzzling. This is not 
the place to discuss the details of surface structure of these Low Island 
reefs. Ina general way they are oval in outline, with a rim of coral rock, 
boulders and shingle, separated by a shallow moat and a rimlike ram- 
part of coral rock, boulders and sand, from the inner reef-flat, which 
consists of boulders, shingle and mud, with a muddy mangrove swamp 
near the windward edge of the reef and a sand cay to leeward. Aside 
from the rim and the inner rampart of the moat, the whole surface mate- 
rial of the reef appears to consist of transported and deposited material, 
mostly mud and sand. A bore in the sand flat opposite the cay showed 
5 feet of sand underlain by 10 feet of soft gray mud. <A bore in the man- 
grove swamp showed 18 inches of soft brown mud, 6 inches of peat, 2 feet 
of sand, and then clean gray mud to a depth of 15 feet. A bore on the 
hard smooth rocky platform within the rampart passed through 18 
inches of hard rock, and then into the same soft gray mud. How such a 
melange would be interpreted if confronted by a geologist in his stratig- 
raphic sections, I leave you to conjecture. As Spender concludes, in 
the words of Jukes, “A coral reef is a mass of brute matter.” 

The analogies between these structures and the Niagaran bioherms 
are numerous. They have the same general form and size. The sea- 
ward slopes are comparable, though those of the Niagaran structures are 
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steeper, perhaps partly as a result of subsequent compaction. In both 
the lower slope is concave; and Shrock and the speaker have already 
called attention to the trough or moat along the bottom edge of the reef. 
There is some evidence in the Bluffton reef of Indiana and the Thorn- 
ton reef of Chicago that small reef-heads or chapeiros grew on the steep 
slopes of the main structure. The small “reefs? of Thornton quarry, 
recently described by Fenton (°31), are on the flank of the main bioherm, 
whose inclined beds occupy most of the very extensive quarry. The 
Lohman quarry structure near Lowden, Iowa, described by Norton (01), 
is, according to the observations of the speaker, clearly parasitic on the 
slope of a very large bioherm. Sand and mud pockets and tongues are 
very common in the Niagaran bioherms, sometimes extending far into 
the core. They may help to explain the puzzling results of the bor- 
ings described by Steers. In Thornton quarry, near one of the parasitic 
bioherms, there is an embedded mass of considerable size, in which the 
layers stand in a nearly vertical position. This can hardly be explained 
in any other way than as a dislodged mass of reef rock fallen down the 
reef-slope. We have seen that chapeiros may be broken loose by the 
waves and either discharged onto the reef surface or left on the slope. 
Such masses, when embedded in a biohermal structure, would certainly 
prove very puzzling to the geologist. 

The lagoonal deposits, which constitute an integral part of a bioherm 
built in this way, must not be overlooked. They may consist of sand, 
fine calcareous mud, black mud, or even peat. ©. Abel (°25) has sug- 
gested that the Flysch sediments of the Alps and Carpathians may have 
been formed in mangrove swamps, such as skirt the coral] coasts of Florida, 
and Cuba, and characterize modern reef lagoons. Owing to the solvent 
action of the oxygenless high-acid muds of these swamps the calcareous 
shells are completely dissolved, leaving a dense unfossiliferous deposit. 
Deposits of calcareous precipitate (?), such as the Drewite of the Baha- 
mas, may be associated with the bioherms; and oélites are known to be 
a common attendant of reefs. Foraminifera are a common and some- 
times dominant constituent of lagoonal deposits. The extraordinary 
importance of algae has already been emphasized. The relations of the 
bioherm to surrounding inter-reef deposits may be still more compli- 


cated. 
I have for some time been convinced that much of the supposed 


stromatoporoid structure in the Indiana bioherms is algal. Recent care- 
ful studies of thin sections of some of this material reveal no typical 
stromatoporoid structure whatever, such as astrorhizae, pillars, etcetera ; 
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hut instead nothing but finely laminated and radial structure. In polar- 
ized light this radiating structure resolves into nothing but crystals of 
calcite, aragonite or dolomite, with their longer axes normal to the 
laminae. In some cases the laminae are separated by clear spaces. The 
nearest analogy among described forms is Malacostroma, described by 
Giirich ((06) from the Mississippian of Belgium. The forms could at 
least be placed in the Spongiostromidae of Giirich and Rothpletz (708). 
They occur both in spherical and hemispherical masses, similar to stroma- 
toporoids, and, especially in the Mississinewa bioherms, in palmate, con- 
volute and sprangly masses that fairly fill the rock. Evidently the Silu- 
rian reefs also were algal. The climatic inferences to be drawn from 
such dominance of algal structure can not be discussed here; but may 
prove very interesting. 
ALGAL BANKS 
The Lithothamnium banks of the northern coast of Norway have 

already been mentioned, as well as the Cape Verde and Brazilian “reefs.” 
Lithothamnium is said by Seward (731) to be particularly abundant in 
Arctic seas. Walther (°85) has described algal banks formed by Litho- 
thamnium and Lithophyllum in the bay of Naples. Fresh water ex- 
amples of algal banks are numerous. Pia mentions deposits made by 
blue-green algae in the Bodensee. The well known marl beds produced 
by algae (blue-green algae, Chara, etcetera) in lakes do not usually as- 
sume a biohermal form; but cases are known where banks of reeflike 
form have been produced. Pia (’26) cites reeflike banks of marl form- 
ing a terrace along a lake shore and having a very steep lakeward slope. 
These may attain a thickness of several meters, and may ultimately be- 
come embedded in peat. Sir Douglass Mawson (’29) describes an ex- 
tremely interesting case of algal banks in Karatta lake, South Australia. 
This, he says, “Is a platform composed of calcareous algal growths in 
process of building outward into deep water, in a manner analogous to 
a fringing coral-reef.’ He also describes extensive deposits of marlyte 
balls in this region. Professor Scott of the Department of Zoology, In- 
diana University, informs me that similar terraces are forming in 
northern Indiana lakes, and that in one instance marlyte islands have 
formed as the lake level has slowly risen, owing to marl up-building in 
the outlet channel. These structures may ultimately become embedded 
in peat or silt. They are typical algal bioherms. Algal travertine ter- 
races about hot springs are well known. 

One of the most stupendous masses of algal rock in the World is the 
Schlern dolomites of South Tyrol, in places over 3,000 feet thick. Rich- 


oth 
ef, 
eep 
ry, 
rm, 
1), 
the 
are 
nto 
or- 
itic 

the ‘ 
red : 
the 
the 
pe. 
nly 

rm 
nd, 
ug- 
ave 
da, 

ent 
ous 
sit. 
ha- 
be 
ne- 
ary 
the 

sed 
re- 
cal 
ra; 


342 E, R. CUMINGS—REEFS OR BIOHERMS? 
thofen, Mojsisovics and other earlier observers were of the opinion that 
the dolomites were originally formed as a sort of barrier reef system, 
with steep, wall-like seaward slopes (Béschung) characterized by highly 
inclined weberguss-schichtung. They supposed them to be coral reefs. 
Corals are, however, very scarce in the Schlern dolomite; and Rothpletz 
(794) and Giimbel (’73) showed that algae (Diplopora) were the chief 
builders. Madame Ogilvie-Gordon has spent almost a life-time in the 
study of the Dolomites, and has recently published her results in a 
magnificent monograph in German (’27). She shows that the supposed 
reefs are great masses of the dolomite isolated by faulting and erosion; 
and that the real reefs, forming a sort of barrier behind which the algal 
rock accumulated as a lagoonal or terrace deposit, were small coral and 
echinoderm reefs (Cipitkalk). This “Randbauten” or barrier was the 
combined product of the corals and of voleanic and clastic material. The 
algal deposit was made in the shallow and protected water behind the 
barrier, and interfingers with the coral-clastic facies along this margin. 
The abundance of algae in modern coral lagoons is significant in this 
connection; and we may have here a close analogy to the Great Barrier 
of Australia and the lagoonal deposits behind it; though Ogilvie-Gordon 
compares the conditions under which the Dolomites were formed to those 
now existing in the Caribbean region. She also points out the necessity 
of progressive subsidence (fortwihrenden senkungsbewegungen) for the 
formation of this 3,000 feet of dolomite, all of which was formed in shal- 
low water.° The small coral reefs of the border waxed and waned, and 
were at times overriden by the dolomite, or destroyed by the volcanic 
outbursts. Here is a striking example of the overwhelming importance 
of the lagoonal deposit, and the insignificant part played by the true 
reefs of the border. The best recent students of the Dolomites refuse 
to call them reefs. They are the wreckage of a gigantic bioherm of bank 
or terracelike form. The great Capitan reef should be studied with this 
example in mind; since it also shows a striking preponderance of algae 
of a Sphaerocodium-like form and structure. Sphaerocodium is common 
in the Schlern dolomite. 
SHELL BANKS 


The Tepee Buttes, described by Gilbert and Gulliver (795), are classic 
examples of small bioherms formed of mollusc shells (Lucina). They 
were not built up as towerlike masses above the bottom ; but the “presence 
of shale partings indicates that the core was not built any faster than 


6 Trotz der fortwiihrenden Senkungsbewegungen im Meeresboden erhielt sich die ober- 
fliiche dieser Biinke oder Massen von Kalk immer in einer geringen Tiefe. 
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the surrounding deposits of mud.” (Grabau, °13.) They were not, 
therefore, reefs in any sense. The name bicherm is particularly apt 
for such structures. 

The “Reef-knolls” of the Carboniferous of the Craven-Cracoe district 
in England have been discussed by Tiddeman (’89+-), Marr (’99), Gar- 
wood (724), Dakyns (799), Wilmore (710) and others. They have a 
reeflike or moundlike form, and consist of massive, very fossiliferous 
rock, with quaquaversal dips. Dakyns says the Craven knolls “are an 
amorphous mass without a trace of bedding.” Garwood and Goodyear 
(724) think the Cracoe knolls may have been formed like the Tepee 
Buttes. F. J. North (’30) says “Around Clitheroe . . . the lime- 
stone is very thick. . . . In this district there are peculiar reeflike 
masses of shelly limestone consisting mostly of brachiopods; they ap- 
pear to have originated as shell-banks in the Carboniferous Limestone 
Sea, and, being more resistant to weathering than the normal limestone, 
tend to stand out as low rounded hills” (Klintar). North states that at 
Lummaton, “some of the [Devonian] rock consists principally of broken 
shells, and must have originated as a shell-bank.” Whether this has a 
lens form is not stated. Again he says that “The shelly deposits of the 
Crag accumulated in shallow water—some of them as shell-banks, raised 
by the combined action of sea currents from the southwest and of strong 
winds from the coast. . . .” Kindle mentions the banks of Mytilus 
edule in the Wash on the east coast of England, but does not indicate their 
exact form. (730.) 

A particularly fine example of oyster banks of reeflike form at the 
mouth of Newport River, North Carolina, is described by Caswell Grave 
(701). These banks are of large size, so as to be a danger to navigation. 
They are long and narrow, and grow forward mostly at the end, where 
currents keep the oysters free from silt. 

I have observed several good examples of shell-banks in the Niagaran. 
The best is the large mass, 60 feet thick, of Pentamerus oblonqus near the 
Loop quarry on Maquoketa river, Iowa. A small bioherm of Conchidium 
occurs in the Huntington formation a few miles west of Logansport, In- 
diana. Cases of this sort are probaby very common; but not many have 
been carefully described in the literature. From Twenhofel’s descrip- 
tions I judge that biohermal masses of brachiopod shells occur in the 
Silurian limetsones of Anticosti (’27). 

Few of these shell-banks could properly be called reefs, but where they 
have a lenslike or other restricted form, and are not mere layers, they may 
appropriately be called bioherms. (Shell bioherms.) 
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CRINOIDAL BIOHERMS 


The famous crinoid beds of Crawfordsville, Indiana, have been known 
to geologists and paleontologists for many years; but their true nature 
was not revealed till the recent extremely detailed and careful work of 
Stockdale on the Borden (Knobstone) Group of Indiana. Stockdale has 
shown (731, ’*31a) that the Borden clastics contain many large embedded 
masses of limestone, some as much as 70 feet thick and several miles in 
diameter, built almost exclusively by crinoids, and interfingering around 
their peripheries with the normal shale and sandstone sediments. That 
these were built up at about the same rate as the surrounding clastics, and 
never rose up in reeflike masses, is shown by the level interfingering of 
the limestone and clastic facies. The case is the same as in the Tepee 
Buttes. The term bioherm is preeminently applicable to these structures. 
The details of these bioherms, and their manner of origin are adequately 
set forth by Stockdale. I wish here to call attention especially to the fact 
that these structures must have been built on a foundation of unconsoli- 
dated sand and mud; that they were far from land; that they were en- 
tirely surrounded by mud-depositing waters, and were themselves occa- 
sionally deeply invaded by mud. It is probable that the exquisitely pre- 
served crinoids of Crawfordsville were buried alive by these mud invasions. 
Stockdale suggests that the luxuriant colonies of crinoids may have de- 
flected the feeble mud-depositing currents. It is possible that the vigo- 
rously growing crinoids may have been able to keep the mud from settling 
on their plantations, except when it came in too great quantities. It is 
extraordinary that they held their own on the same spots long enough to 
build up masses 70 feet thick ; and even at times extended themselves over 
wider areas of muddy sea-bottom, as shown by the long tongues of lime- 
stone that reach far out from the bioherms. They repeatedly recuperated 
from mud invasions, and recolonized the same areas. Stockdale mentions 
many small crinoidal bioherms that probably represent the less successful 
attempts at colonization of the muddy bottoms. The fauna of the bio- 
herms is quite distinct from that of the enclosing clastics. 

Crinoidal bioherms, embedded in dolomite, are common in the Lock- 
port and Guelph of Ontario, and in the Racine and Guelph of Wisconsin 
and Illinois. The exact form and extent of these is not yet known. They 
are much less easily traced because of the vague boundaries between the 
crinoidal masses and the surrounding dolomite. Immense numbers of 
crinoid remains are associated with the Guelph coral and stromatoporoid 
bioherms of Ohio. Algal remains are also abundant in the Ohio Struc- 
tures. Crinoidal limestones will be further discussed under biostromes. 
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BALLSTONES, SMALL LENSES AND ANNELID “REEFS” 


Ballstones are more or less globular masses of organic remains em- 
bedded in surrounding rock of different facies. The term lens is self- 
explanatory. The ballstones of the Wenlock have been described by Mur- 
chison (739) and by Crossfield and Johnson (714). Bryozoan ballstones 
are common in the Clinton and Lockport of New York and Ontario; and 
have been described by Sarle (701), Grabau (713) and others. Examples 
of lenses seen by the speaker at Thorold, Ontario, in the Gasport dolomite, 
are largely composed of crinoids, brachiopods and small corals, and have 
a confused argillaceous appearance. The largest were about 60 feet in 
length and 15 feet thick in the center. Grabau (713) also mentions the 
argillaceous character of the Clinton and Lockport and Wenlock ball- 
stones. ‘There is a good example of this type of structure, largely com- 
posed of Bryozoa, in the upper part of the Laurel limestone at Sandusky, 
Indiana. The very fossiliferous patches in the Waldron may be included 
here. They abound in Bryozoa. According to Twenhofel the strata arch 
over the tops of the Wenlock bioherms (726). These structures quite cer- 
tainly did not reach the surface of the water, as do reefs. 

Some of the algal masses (Cryptozoon, etcetera) may be of this type, 
though the many references to such structures say very little about. the 
exact form of these so-called reefs. This is only another illustration of 
the misleading use of the term reef. 

Most so-called serpulid reefs and sand reefs consolidated by annelid 
worms, as recently described by Richter, may be included here, though 
some of them are of large size. Richter, as reviewed by Bucher (728), 
mentions “large flat-topped reefs” on the west coast of Holstein, con- 
sisting entirely of “closely-packed tubes of the annelid Sabellaria alveo- 
lata.” Richter compares this worm to the Scolithus of the Cambrian. 
“Reefs” of Sabellaria are said to form a barrier “3 km. wide and 10 km. 
long across the famous bay of Mont-Saint-Michel in the Bretagne.” They 
are 6 meters high. 

The serpulid “reefs” of the Bermudas are well known. They are of 
small size. Professor Beede tells me that small annelid bioherms are 
common in the Permian rocks of Texas. 

BIOSTROMES 


Under this term may. be included all distinctly bedded structures that 
do not swell into lenslike or reeflike forms, but, like bioherms, consist 
mainly or exclusively of the remains of organisms. Many of the so-called 
reefs belong here. Such are coral beds like the so-called Louisville reef 
in the Jeffersonville limestone of Indiana and Kentucky. This structure 
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extends as a bed, completely filled with Favosites and other corals, over 
many square miles. It is never more than a few feet thick, and never, 
so far as I know, swells into true reef form. Another biostrome of the 
same form and age is present in the Wabash valley near Logansport, In- 
diana. The so-called Columnaria and Stromatocerium reefs of the Ordo- 
vician belong here. 

Most of the so-called Cryptozoon reefs of the Cambrian and Ordovician 
are bedded structures. While Cryptozoon structures are frequently men- 
tioned in the literature, their exact form is seldom indicated. In a few 
instances they are said to form beds or layers; but they are in most cases 
spoken of as “reefs.” The algal beds of the Precambrian, built by Col- 
lenia, Newlandia, etcetera, as described by Walcott, Twenhofel, Fenton 
and others, apparently usually form beds, though Twenhofel (719) speaks 
of true reef forms in the algal beds of the Kona dolomite. Fenton and 
Fenton (’31) call the algal formations of Glacier Park beds. Algal beds 
are mentioned by Twenhofel (719) in the Ordovician of Christiania and 
the Silurian of Gotland. Kalkowsky (’08) has described an algal (?) 
structure in the Buntersandstein, which he called Stromatolith. It is a 
bedded mass, occasionally swelling into lenslike forms, and having a 
finely laminated and radial structure. It seems to be very similar to 
Cryptozoon. According to Seward (731) Cryptozoon-like structures have 
been observed in the Precambrian of Ontario, Gobi desert, northern Green- 
land, the Cambrian of Brittany, Norway, Australia and elsewhere, and 
the Cretaceous of Wyoming. Kobayashi (’26, 31) mentions Cryptozoon 
beds in the Cambrian and Ordovician of Corea and Manchuria. 

Doubt has been thrown on the organic nature of such forms as Crypto- 
zoon, Collena, Newlandia, etcetera, by Holtedahl (’21), and more re- 
cently by A. C. Seward. Seward (31) compares their structure to Liese- 
gang’s rings. The recent discovery of Hgeg (’29) of Cryptozoon-like 
forms of Quaternary age, which Hgeg regards as organic, seems to leave 
the burden of proof on the side of those who doubt the organic nature of 
these structures. 

Most of the algal formations mentioned by Garwood (713) in his very 
valuable summary, are evidently bedded structures, sometimes making up 
entire geological formations. The chief builders were Solenopora, Gtr- 
vanella, Sphaerocodium, Spongiostroma, [ithothamnium, etcetera. 

Beds of recent marl and marlyte balls are very common, and many ex- 
amples are mentioned by Pia, Seward, Kindle (’23) and others. They 
are due to blue-green algae, or in some cases to Chara. 


ig 
i 


MAIN TYPES INCLUDED UNDER BIOHERM AND BIOSTROME 347 


Coral biostromes are so numerous that it is hardly necessary to cite 
specific examples. Besides those already mentioned I may refer to the 
many examples cited by North (’30) in his recent book on Limestones. 
I quote one very significant paragraph : 

“On account of the abundance of corals in some of the [Devonian] lime- 
stones it has often been stated that they originated as coral reefs growing in 
the Devonian seas, but this is far from being the case. A coral reef results 
from the long continued growth of corals, usually on a sinking sea floor ; 
the seaward slope of a coral-reef mass is usually very steep, sometimes as 
much as 60 or 70 degrees. A limestone mass formed from such a reef would 
be somewhat irregular in outline and have sharply defined limits, but the 
coral-bearing limestones of Devonshire are really beds of coral debris. as 


Most shell beds may be classified as biostromes. Such are the well known 
coquina beds of Florida; many oyster beds, such as the Pliocene oyster 
beds of Chesapeake Bay; such brachiopod beds as the Pentamerus and 
Conchidium beds of the Racine-Guelph of America and of the Silurian 
of Gotland; the Exogyra beds of the Cretaceous of Texas, and the Turri- 
tella beds of the Eocene. Many other occurrences are well known. Antevs 
says (’27) shell-beds are formed on or near shore, in coves, deep parts of 
bays, in sounds, short passages between islets, below steep cliffs, etcetera. 
They may be either in situ or transported hundreds of yards. Such de- 
posits might often assume a biohermal form. 

Crinoid beds which may be classified as biostromes are very common. 
Good examples are the Beechwood limestone of Indiana, the Gasport 
limestone of Ontario Peninsula, the “Crinoidal” limestone of the Silurian 
of Gotland, the Chicotte limestone of Anticosti (Twenhofel), etcetera. 
Other echinoderms often assist in the formation of biostromes. 

Definite layers solidly composed of Foraminifera, Radiolaria, or dia- 
toms may be classed as biostromes, though many of these organisms are 
not sedentary. Mesozoic and Cenozoic formations contain many ex- 
amples. Fusulinidae often form extensive beds in the Upper Paleozoic. 
Coal beds might also be included under biostromes. 


SUMMARY 


This paper is a discussion of structures built wholly or chiefly by seden- 
tary organisms, and usually referred to as reefs, lenses, ballstones, banks, 
beds, etcetera. It is proposed to employ the term bioherm for such of these 
structures as have a reeflike, lenslike or banklike form; and the term 
biostrome for such as have a strictly bedded or layered form. Many ex- 
amples of both types of structure are cited. 
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CONSTITUTION OF THE EArTH’s Crust 
SIMA AND SIAL 

It has long been known to geologists that below the granitic rocks, which 
are very widely spread over the continental surfaces, there is an even more 
widely spread, and probably universal, layer of basaltic rock. The evi- 
dence on which this knowledge is based consists of (1) the innumerable 
dikes of diabase which cut the granites in all parts of the world, and (2) 
the universality of basaltic voleanoes. The dikes, such for example as are 
so common in the Archean terranes of Canada, are narrow, usually not 

* Manuscript received by the Secretary of the Society December 19, 1931. 
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exceeding 150 feet in width. Individual dikes can rarely be followed for 
more than a few miles; but zones of dikes continue in the same general 
course for scores of miles. ‘The dikes occupy vertical gashes in the gran- 
ites, which are probably large-scale shrinkage cracks due to loss of volume 
by cooling. The dikes were in all probability at one time associated with 
surface manifestations of vulcanism which have been swept away by 
erosion. The volcanoes of the world, both of the past and the present, are 
preponderatingly basaltic. The supplies of basaltic lava which they have 
emitted at the land surface can only have come up through vents travers- 
ing the general granitic foundation of the continents. The vast outpour- 
ings of the Deccan, Columbia River Plateau, Paraguay, Abyssinia, the 
north Atlantic, and the Karroo, testify to the extent and homogeneity of 
the subgranitic basalt. It is this layer which Suess named the sima as dis- 
tinguished from the more superficial and lighter rocks of the crust which 
he called the sial. 

Geologists have also been cognizant of the fact that while these two 
layers, the granitic and basaltic, or sial and sima, certainly exist in the 
continental areas, there is no evidence of the presence of the sial beneath 
the great oceanic basins. The only known rocks in the latter are the 
basalts of the volcanic islands; and while the voleanoes of the land have 
ejected many fragments of the sial torn from their vents, those of the 
ocean have, so far as is known, produced no fragments of the sial included 
either in their lavas or in their ejecta. 

Comes now seismology, the youngest of the geological sciences, to tell 
us more of the sial and the sima. When stress difference in the elastic, 
relatively rigid crust exceeds the strength of the crust the stress is relieved 
by sudden rupture, or by sudden slipping on an old rupture, overcoming 
frictional resistance. In either case the sudden discharge of elastic stress 
generates two waves which are propagated through the earth with unequal 
velocities even in the same medium. In the swifter or longitudinal waves 
the movement is in the direction of propagation, while in the slower or 
deformational waves the movement is transverse to that direction; but 
each of these waves has its own velocity varying with the density and 
elasticity of the rocks through which it is propagated. The time of 
arrival of the waves is automatically recorded on delicate seismographs 
at many stations, so that their velocity can be measured. These waves are 
subject, moreover, to reflection and refraction at the contact surfaces of 
different kinds of rocks; and their path is usually not straight, owing to 
the intervention of such contact surfaces, as well as to a gradation of 
density and elasticity within the same rock mass. 
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LAYERED STRUCTURE OF THE CRUST 


Now seismologists have observed that seismic surface waves which reach 
their stations along paths under the Pacific have a higher velocity than 
similar waves under the continents. The difference in velocity corre- 
sponds to that between propagation in basalt and in granite; and they 
have confidently inferred that there is no granite layer beneath the main 
basin of the Pacific, but that its waters rests directly on the surface of the 
sima. This conclusion is significant from the point of view of the geologist 
in his speculations as to the constitution of the earth’s crust and its his- 
tory as inferred from its make-up. Similarly from a study of the veloci- 
ties and paths of waves under the continents seismologists have reached 
the conclusion that the sial rests upon the sima at moderate depths. 

The sima of the oceanic regions appears to consist of at least two layers: 
a basalt of small thickness resting on a heavier rock, peridotite, of great 
thickness; and the same condition probably prevails beneath the sial of 
the continent. The sial is probably also twofold in constitution ; but for 
the continents there is not unanimity of opinion as to the nature and 
relations of the crustal layers. Jeffreys’ recognizes a surface layer of 
granite, a deep layer of peridotite (dunite) and an intermediate layer of 
glassy basalt or tachylyte, of the same composition as the sima of the 
oceanic regions but differing in its physical state. Gutenberg ? recognizes 
four layers distinguishable in central Europe by the difference in velocity 
of seismic waves. Mohorovicic* has a heterogeneous sial composed of 
granite, granodiorite, and syenite succeeded in depth by a layer of diorite 
and gabbro (basalt) resting on pyroxenite and peridotite at 60 kilometers. 
Adams and Williamson * conclude that there is an outer layer 60. kilo- 
meters thick of granite grading down into something more basie than 
gabbro (basalt) and resting on a shell of peridotite (dunite) extending 
in depth to 1,600 kilometers. Daly ® advocates a sial of granite and 
granodiorite underlain by basalt part of which is in a glassy state. In the 
present paper the view is expressed that the sial comprises a surface laver 
of granite and a lower of diorite, and that the sima beneath it is similar 


to that under the ocean, consisting of basalt resting on peridotite (dun- 


The earth, 2d ed., 1929, p. 116. 

“Vou B. Gutenberg: Der Aufbau der Erdkruste in Europa, Geol, Rundschau. Bd, 19, 
1928, Heft 6. 

28. Mohorovicie: Ueber Nabbeben and iiber die Konstitution des Erd—-und Mondin- 
nern. Gerland Beitrag. z Geophys. 17, 1927, pp. 180-231. 

‘The composition of the earth's interior, Smithsonian Rept. 1928, pp. 255-256. 

©The outer shells of the earth Am, Jour. Sci, vol. 15, 1928. 
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ite). The densities assumed for the four layers, on the basis of petro- 
graphic and seismological data, are granite 2.6, diorite 2.8, basalt 3.05, 
and peridotite (dunite) 3.3. 


DERIVATION OF SIAL FROM SIMA 


The acceptance of the conclusion that the sial is limited to the con- 
tinents raises the question of the cause of that limitation. The sial does 
extend of course beyond the actual shoreline to include the epicontinental 
seas, the continental shelf, and the continental islands. The area under- 
lain by it is probably nearer one third than one quarter of the earth’s 
surface. Yet its absence under the main oceanic basins suggests that it 
is not a primary feature of the earth’s crust but has been developed 
secondarily, as a modification of the original surface laver, owing to 
conditions which inhere exclusively in continents. Every geologist who 
has studied the granitic rocks from a geological as well as from a petrologi- 
cal point of view knows that there have been many melts and freezings of 
granite magma in recorded geological time and that the oldest known 
granites are younger than common, ordinary sedimentary and volcanic 
rocks. He knows that all the larger granite masses vary greatly in chemi- 
cal composition, mineralogical constitution, and density. The rocks that 
predominate in the sial comprise, besides true granite, much larger propor- 
tions of granodiorite, quartz-diorite, monzonite, quartz-monzonite, dio- 
rite, and smaller proportions of syenite. Associated very commonly 
with these granitic rocks are limited masses of the gabbro family, which is 
close in composition to the basalt of the sima. The granitic rocks ranging 
in facies from granite to diorite behave alike. They arise as melts in the 
crust and grow by melting to batholiths, invading the sedimentary and 
voleanic rocks near the surface, and incorporating within the melt, both 
by engulfment and by fusion, vast quantities of these terranes. A residual 
cover of the surface rocks is, however, usually left, beneath which the 
batholith freezes. Besides the main batholith there are apophyses which 
are injected into the surrounding and overlying rocks in the form of 
laccoliths, sills, and dikes. Many of the laccoliths are large, and inex- 
perienced geologists call them batholiths. The depth of the real batho- 
lithie melts is unknown, but with horizontal dimensions commonly over 
100 miles it would be surprising if they did not have a vertical dimension 
of at least 10 miles, and it might well be 20 or 30 miles. 

The roof of the typical batholith, or what is left of it after prolonged 
erosion has bared the granitic rock, invariably shows structures which are 
inseparable from orogenesis, namely, sharp folds, shear zones, and the 
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foliation of dynamic metamorphism. Great tongues of the roof project 
down into the granite in the form of “pendants,” to the contour and pro- 
file of which the boundary of the granite is adapted, but flat-lying rem- 
nants of the roof may be found resting on the granite in areas that are 
bordered by vertical pendants, showing that locally the granite has the 
form of a flat-topped dome with steep sides. Innumerable inclusions of 
the roof and adjoining country may be observed in the granite, usually 
in a highly metamorphosed condition. In detail the contact of the batho- 
lith with the encasing rocks is one of injection, with thermal metamor- 
phism imposed on the dynamic; and the relations are such as to indicate 
that the folding and dynamic metamorphism had been accomplished be- 
fore the magma in its progress had reached the observed contact. 

Since known granites are of very diverse ages, ranging from early 
Archean to Tertiary, and since the oldest are antedated by sedimentary 
strata, it is clear that they could not have been original constituents of the 
primeval crust. If we accept this conclusion it follows that in all prob- 
ability the basaltic layer of the sima formed the whole of the orignal sur- 
face and that over the continental areas the sial has been secondarily 
developed from it. In attempting to explain this derivation of the 
granitic rocks from basalt we have to assume either the existence of con- 
tinents as primary features of the planet, or that they represent or em- 
brace the loci of the earliest orogenic deformations. The first of these 
suppositions implies a heterogeneity of the original crust with regard to 
composition and density which makes it improbable. On the other hand, 
orogenic deformation has been characteristic of the continents through- 
out geologic time, and this rationalizes the supposition that they origi- 
nated in that way, probably as a thickening of the basaltic layer and its 
flotation in the dunite. 

However they originated, the mere existence of continents, under our 
atmosphere, determines the fact that they shall be more mobile than the 
crust beneath the oceans. This is due to the shift of load to which they 
are subject under erosion. The higher the continental surface the greater 
the load shifted and the quicker the shift. Whatever may be the rate of 
denudation the continental surface rises isostatically at a somewhat less 
rate, in the absence of orogenic deformation. Simultaneously the off- 
shore margins of the continents sink in response to the negative load 
behind the coast and the positive deltaic load in front, so that great 
geosynclines filled with sediments develop on the continental borders. 
The geosynclinal depression weakens the crust and thereby induces 
orogenic collapse under compressive elastic stress. In this way the con- 
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tinents maintain their breadth and are rejuvenated in relief. It is the 
normal mode of continental growth. With every rejuvenation the iso- 
static rise is renewed and continues until complete peneplaination, the 
expression of perfect isostatic equilibrium, brings it to a close, or until it 
is interrupted by vulcanism, glaciation, or orogenic deformation. 

In the earliest atmospheric attack on the protocontinental surfaces the 
only rock exposed to that attack would have been the basalt of the sima. 
The chemical decomposition of this rock would facilitate the elimination 
from the continental areas of much iron, magnesia, lime, and soda in the 
form of soluble salts. These would accumulate in the ocean either to 
be precipitated on its floor or to remain permanently in solution. The 
transfer to the ocean of these elements would leave an insoluble residue in 
marginal basins, in which the ratio of silica to bases would be higher, as 
well as that of potash to soda. Judging by the decomposition of basalts 
which may now be observed, this insoluble residue would also be rich in 
iron and in combined water. The water would be largely eliminated in 
the melt necessary for the making of granite. As regards the iron, it 
must be recognized that the precipitation of iron from solution in the 
form of ferric hydroxide is a bacterial process, and that the larger part 
of the granite of the sial may have been formed before the advent of 
bacteria on the planet. The thick deposits of iron carbonate in the Algon- 
kian formations indicates that the iron was in large measure susceptible 
of removal in solution. Also it may be urged that, even if a great excess of 
iron originally existed in the melt, it is the element most readily eliminated 
by gravitative differentiation in the manner expounded by Daly ® for his 
syntectic granites. This differentiation would result in the concentration 
of much iron at the bottoms of earliest batholiths. 

The marginal basins of accumulation would take the form of geosyn- 
clines initiated by the removal of load from the primeval continental 
ridges. The later would rise isostatically as their surfaces were reduced 
by erosion, and the flanking geosyncline would continue to sink in re- 
sponse to this relief of continental load, as well as to the positive load of 
the sediments filling them. The geosynclines would thus receive sediments 
several times the volume of the original protocontinent above sealevel ; 
and the supply of these sediments would have resulted in the peneplaina- 
tion of the protocontinent. The eventual collapse of these geosynclines 
and the fusion of their deeper parts would yield a magma much nearer 
granite than basalt in composition. The collapse would result in every 
case in the genesis of a new mountain range with a granite core. 


6 Igneous rocks and their origin, cap. XII, New York, 1914 
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The peneplained basaltic continent between the bordering ranges would 
in turn sink as the latter rose isostatically under relief of load. It would 
in its turn become a median geosyncline filled with clastic sediments from 
the rising granite mountains; and the depression would eventually so 
weaken the crust that it would collapse with fusion of its deeper part. 
This fusion would result in a granitic magma, due to the incorporation 
into the melt of both basalt and siliceous sediments, just as the basaltic 
magmas of the Keweenawan have fused with the Animikie quartzites of 
Lake Superior to produce a granitic rock.’ 

It is not difficult to realize that, if the processes outlined above operate 
as indicated, a granitic layer would be developed at the expense of the 
original basaltic rocks of the sima; and that it would be limited to the 
continents over which it would extend superjacent to the still unaffected 
basalt. The factors involved in the hypothesis are: 

1. Isostasy, the validity of which is no longer questioned for areas cor- 
responding to large mountain ranges. The operation of this principle 
differentiates the continents, and particularly their borders, sharply from 
the seafloor, in that it renders them mobile under shift of load. 

2. The weathering of basalt and the removal in solution of a part of its 
bases. 

3. The development of geosynclines ou continental borders and the 
localization in them of excessive thicknesses of sediments. 

4, The collapse of such geosynclines, resulting in mountain ranges with 
granitic cores. 

5. Peneplaination. 

All of these well-known processes would follow naturally and inevitably 
from the appearance of the sima above sealevel in the form of a primitive 
continental ridge ; and their operation would satisfactorily account for the 
development of the sial over the continents and its absence under the 
oceans. 

HETEROGENEITIES AND IRREGULARITIES OF THE SIAL 


A noteworthy characteristic of the sial is its petrographic heterogeneity 
as contrasted with the remarkable homogeneity of the basaltic magma 
which comes up through it on the continents, or builds up volcanic islands 
in the ocean. This heterogeneity is to be expected from the mode of 


7 Daly in his masterly work, “Igneous rocks and their origin,’ recognizes such syntectic 
granites as the product of the incorporation of acidic rocks into the magma of the sima; 
but thinks they have an abnormal composition. In his view the main body of the grani- 
tic rocks of the sial is the original crust separated by gravitative stratification from the 
sima before solidification of the melt; but this does not explain the limitation of the 
granites to the continents. 
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genesis outlined above. The melting of aggregates of sedimentary strata 
of variable composition, and the mixture of these with basalt, at the bot- 
toms of the great geosynclines when these collapse to make mountain 
ranges, would naturally yield magmas of diverse composition grading into 
one another. There would thus be heterogeneity within every batholith, 
and there would be sharp but extremely irregular boundaries between ad- 
jacent batholiths produced at different times. In the progress of batholi- 
thie development in geologic time the same rocks would doubtless be 
melted over and over again, and this recurrence of fusion would tend 
to minimize the heterogeneity, or at least reduce the latter to some ap- 
proach to orderly arrangement. There would be, for example, a tendency 
for the more basic and heavier rocks to accumulate toward the bottom 
of the sial, and for the more acid and lighter to predominate at the top. 
This differentiation of top from bottom might proceed so far as to give a 
rudely layered structure to the sial, which would account for the two 
layers, the granite and the “intermediate,” which physicists have detected 
in the behavior of seismic waves. Under the hypothesis here outlined for 
the genesis of the sial, the lower of its two vaguely separable layers would 
probably be diorite in compesition, and would have a very irregular con- 
tact against the underlying basalt of the sima. But a large measure of 
heterogeneity still remains in the sial, as is very apparent in its extensive 
surface exposures; and a persistent, sharp boundary between the granitic 
and dioritic layers is not to be expected. 

The “intermediate” layer is regarded by Jeffreys ® as consisting of 
tachylyte, a glassy form of basalt. This makes it, of course, the top of the 
sima, but the evolutionary process here suggested for the origin of the sial 
would supply a dioritic layer at its base, which would, indeed, be inter- 
mediate in composition and density but would have the same general origin 
as the granite layer, and by that origin would be structurally bound up 
with it. The recognition of this dioritic layer dispenses with the neces- 
sity of recognizing a tachylyte layer. Holmes® has suggested that the 
“intermediate” layer may be dioritic and Jeffreys? recognizes this pos- 
sibility. 

The differentiation of the sial from the sima was effectively completed, 
for at least the North American continent, in pre-Cambrian time ; and its 
constituent granitic rocks were exposed over a continental area larger 
than the present by peneplaination in the Eparchean Interval. The 


® The earth, 2d ed., 1924. 
® Nature, vol. 118, 1926, p. 586. 
Op. cit. p. 1038, 
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earlier history of that differentiation is lost, not only because of the 
erosional destruction of the record, but also in part because the differential 
process is itself destructive of preexistent conditions. In the Archean 
complex, however, there is clear evidence of at least two great periods of 
orogenesis with concomitant development of granitic batholiths. The 
earlier granite is the Laurentian and the second is the Algoman. <A very 
extended period of continental peneplaination separated the two orogenic 
periods. Since the Laurentian granite is intrusive into ordinary sedimen- 
tary and voleanic rocks it is certain that the earth’s crust presented a sur- 
face to the atmosphere in time long antecedent to the Laurentian. The 
quartzose character of the Coutchiching formations indicates that the 
basement from which they were derived was granitic in composition ; but 
no trace of the basement has yet been found. The Killarney granite of 
Lake Huron has been hailed as the product of a third period * of granite 
development in the pre-Cambrian ; but I have shown 7? that it is in reality 
the same as the Algoman granite in its relations to Archean formations. 

The abundance and wide distribution of basic lavas and pyroclastics 
in the Keewatin suggests that in pre-Laurentian time the sial was very 
thin and perhaps only partially developed. In this event the siliceous 
clastics of the Coutchiching may have been derived from the granite cores 
of the protocontinent or earliest mountain ranges, rather than from granite 
of modern continental extent. 


FRAGMENTATION OF CONTINENTS 


To conclude that the sial is limited to the continents because it is derived 
from the sima under conditions which are peculiar to the continents, is 
but another way of arriving at the doctrine of the permanence of the 
continents. But many have doubted the doctrine, and it may be after all 
but a half truth. Continents do, indeed, have great longevity in the 
geologic sense; but they are not so enduring as the ocean that surrounds 
them. They pay heavy tribute to the ocean, and the possibility that they 
may eventually succumb and be swallowed up in it is not beyond the 
range of geologic speculation. Apart from the dangers which await 
them with the possible recurrence of the cataclasmic cycle of Joly, they 
are even now undergoing a process of fragmentation and loss of area which 
is suggestive of their final disappearance. The continent of Australia 
appears to be but a remnant of a larger one. It has lost territory to the 
ocean to the west and south; and the continental islands of New Cale- 


17, T. Quirk: Killarney gneisses and migmatites, Bull. Geol. Soc. Am., vol. 38, 1927, 


pp. 753-770. 
122 Some Huronian problems, Bull. Geol. Soc. Am., vol. 40, 1929, pp. 381-384. 
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donia, Fiji, and New Zealand, sessile upon a broad submarine platform 
of diversified relief, suggests that it once extended eastward as far as 
the edge of the Tonga deep, and was much more than double its present 
size. Whether or not Australia ever did extend as a continuous continent 
to the Tonga deep, it is highly probable that the platform between the 
deep and the present east coast of Australia and New Guinea represents 
a foundered continental surface. From a geographical point of view still 
more might be claimed for the conquest of Australasia and Malaysia by 
the Pacific. The vast shallow seas between New Guinea and Australia, 
and north of Java to Indo-China, have floors which are continental sur- 
faces, but they are merely inundated or submerged, not foundered con- 
tinental areas. On the east side of the Pacifie the obliquity of the struc- 
ture of the California Coast Ranges to the trend of the coast indicates 
truncation of those structures by faults and the loss by foundering of the 
western margin of the continent. A similar loss is indicated by the 
foundered continental platform off the coast of southern California, and 
the disappearance of the land from which were derived the San Onofre ** 
fanglomerates. The truncation of the Atlas by the coast in northwestern 
Africa and of the Cape ranges in the south speaks for the reduction of 
that continent. The founderings of Gondwana and of Appalachia, sup- 
positious as they are, form part of the same general argument in favor 
of the fragmentation of continents and their possible ultimate disap- 
pearance. It is not my purpose to push that argument, but rather 
merely to recognize it, as qualifying the doctrine of permanence of con- 
tinents, before proceeding to consider how such permanence as they have 
is maintained; and to suggest a genetic relation between the process in- 
volved and the insular ares of the Pacific Ocean as well as the oceanic 
deeps complementary to the latter. 

The long endurance of the continents under perpetual degradation 
means, of course, that as their surface steadily lowers they are rejuvenated 
by uplift. On the theory of isostatic flotation of the continents the gen- 
eral relief or upward protuberance is balanced by a downward protuber- 
ance of lighter rock into heavier. Since the difference in density of the 
lighter and heavier rocks is not large the downward protuberance is much 
greater than the upward one. If we assume merely for purposes of illus- 
tration that the sial has_a mean specific gravity of 2.7 and the sima 3, 
then the vertical dimension of the downward protuberance of the former 
into the latter is nine times that of the upward protuberance. 


133A, O. Woodford: The San Onofre breccia, Bull. Dept. Geol. Univ. California, vol. 15, 


no, 7, 1925. 
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IsostatTic REJUVENATION 

Under these assumptions as to density, for every unit prism removed 
hy erosion the isostatic rise is 9/10 the thickness of that prism. If we 
start with a continent in isostatic equilibrium a mile high, and suppose 
removal by erosion of a layer a mile thick, the surface will still be 9/10 
mile high. Under prolonged denudation, while there would be con- 
tinuous equilibrium, there could be no stability until a prism 10 miles 
thick had been removed from the continent. Then disregarding orogenic 
movements, glaciations, and fluctuations of sealevel, the continent would 
have been perfectly peneplained, erosion would be impotent further to 
reduce the surface, and there would be no tendency to rise or sink. The 
culmination of this process of isostatic adjustment has probably never 
heen realized in the case of the North American continent since Cambrian 
time, owing to the intervention of orogenic movements; but it may have 
been in the Eparchean Interval. 

THICKNESS OF SIAL AND ITS CONSTITUENT LAYERS 
DETERMINATION OF THE THICKNESS 

According to the doctrine of isostasy the sial floats in the sima, and, 
since the latter forms the floor of the ocean, it is possible to calculate 
the thickness of the sial for any given altitude of the land surface above 
sealevel. Let us first suppose that the continental surface is about at sea- 
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FIGuRE 2.—WNial floating in Sima 
level, and assume 2.72 as the mean specific gravity of the sial and 3.05 
as that of the basaltic layer of the sima. Since the sial is heterogeneous 
in composition and complex in structure it will be convenient to consider 
it first as a whole, rather than in separate layers. 

In the diagram, figure 2, AC’ is the land surface, (B the sea surface ; 
DE is the sea bottom and FG the bottom of the sial. The mean depth of 
the ocean is taken at 5 kilometers. 

Let x be the thickness of the sial 
then 2.72a==3.05 (a—d) +5 
and a=31 2/33; say, 31 km. 
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From this figure we can further calculate the thickness of the granite 
and diorite layers of the sial on the basis of assumed densities for them. 
Suppose the specific gravity of the granite layer is 2.6 and that of the 
diorite layer is 2.8, values which can not be very far out; then if y be the 
thickness of the granite layer, 


2.6y+2.8(31—y )=31X 2.72 
and y km. 
and the diorite layer is 

31—y =18.6 km. 


These values may be compared with 10 kilometers for the granite layer 
and 20 kilometers for the intermediate layer adopted by Jeffreys,"* 
although he considers the latter as a basalt, which, owing to its low den- 
sity, must be in a vitreous state. 


RELATION OF THICKNESS TO CONTINENTAL RELIEF 


Some physicists and seismologists have been content to find depths for 
these layers without regard to the surface relief. But according to the 
theory of isostatic flotation the depth must vary with the relief when we 
consider large areas. Let us suppose a continental tract of sufficient ex- 
tent elevated 1 kilometer above sealevel by orogenic forces, that is to say, . 
by the mashing together of the crust and the folding of the sedimentary 
cover. Then two possibilities present themselves as to the depth of the 
hottom of the sial under the tract. Either the granite would be pushed 
down into the diorite to float the upward protuberance; or, the diorite 
being too rigid, the sial as a whole, comprising both granite and diorite, 
would be pushed down into the basalt to support the uplifted tract. In 
the first case, the densities of the granite and diorite being 2.6 and 2.8, 
the former would be pushed down into the latter 13 kilometers. The 
thickness of the granite would then become 12.4+1-+13, or 26.4 kilo- 
meters. The bottom of the diorite would remain at 31 kilometers below 
sealevel, and its thiekness would be 32—26.4==5.6 kilometers. On this 


assumption, that the granite floats in the diorite, it is easy to see that if 
the uplift were much more than 1 kilometer the downward protuberance 
of the granite would pass through the diorite into the underlying basalt. 
In the second case, since, the mashing process would not alter the propor- 
tions of granite and diorite in the sial, the latter would still have a mean 
density of 2.72. Taking that of the underlying basalt at 3.05 the sial 
would be pushed down into it 8.24 kilometers to support the uplift of 1 


4 Op. cit., p. 116. 
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kilometer. The sial would then have a thickness of 31-+-1+-8.24—40.24 
kilometers, and the top of the basalt would be 8.24 kilometers lower than 
for those parts of the continent in which the land surface was nearly at 
sealevel. The displaced basalt would be spread out as an attenuated load 
on a wide region comprising the uplifted tract, and would probably be 
compensated by a slight adjustment of mass in the spheroid. The entire 
column from the elevated surface of the land to the bottom of the basalt 
would remain in balance with the column of basalt and seawater in the 
oceanic region. 

Which of these two possible ways of supporting an elevated continental 
tract may be realized in fact is probably determined by relative viscosity. 
If this be so, then it is probable that the sial as a whole is floated in the 
basalt, and that the latter flows away first to accommodate the concen- 
tration of surface rocks provided by orogenesis. As will appear later, 
however, certain conditions of equilibrium can be explained only by with- 
drawal of part of the diorite as well as the basalt. 

It is evident from these considerations that physicists and seismologists, 
in drawing conclusions as to the thickness and depth of the uppermost 
layers of the earth’s crust, must be prepared to find a notable variation 
in their figures and to find that variation related to the relief of the 
surface. 

UNDERTHRUST DUE TO LANDWARD CREEP OF SIMA 


The compensation for relief of load by erosion is usually held to be 
effected by an inflow of heavier subcrustal material from surrounding 
regions ; but when we have to deal with continental areas loading and un- 
loading are probably compensated chiefly by a slight deformation of the 
spheroid of the earth.’* In the coastal regions, however, where the trans- 
fer of load is abrupt, there would still be a powerful subcrustal rock flow 
toward and under the continental margins to balance the erosional re- 
moval. As a result of this transfer of mass from below the ocean to the 
continental areas: (1) the seafloor over the zone of flow would be lowered, 
and so better adapted to accommodate the waste from the land; (2) a 
compressive stress would be engendered in the crust riding on the flow; 
and (3) the coast, being the boundary between the rising and the sinking 
regions, would become a shear zone, on which the strain would tend to 
disclocate the continent from the ocean floor. 

If the compressive stress in the riding crust should anywhere exceed 
its strength, it would fail. The locus of minimum strength in the riding 


%r, The geological implications of the doctrine of isostasy. Nat. Research Council 
Bull., vol. 8, no. 46, 1924. 
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crust, and therefore the probable Jocus of failure, would be along the 
coast, where the stress difference due to shift of load would have already 
induced the vertical shear just referred to. The vertical shear combined 
with the horizontal stress of the riding crust crowding in on the continent 
would, when failure ensued, give rise to a fault with a landward dip. On 
this rupture zone the crust of the seafloor would be thrust under the con- 
tinental margin and elevate it as a ridge. The thrust plane being a cut 
on a large scale in the spheroid of the earth its trace would be arcuate in 
plan, as recognized by Lake,’® and the arcuate form would be more pro- 
nounced for low angle than for high angle thrusts. The failure of the 
crust would determine immediately a rapid discharge of elastic stress. 
The thrust plane would curve down and determine the plunge of the sea- 
ward segment of the crust down into the subcrust, beneath the arcuate 
ridge.’* The stress in the landward segment would be relieved by a sea- 
ward movement of the thrust surface itself; and the discharge of elastic 
stress would induce a lowering of the surface. If the continental margin 
were a lowland it would be submerged. An inland sea might then be 
developed between the arcuate ridge and the new continental shoreline. 
The measure of submergence would be the difference between the lower- 
ing of the surface due to relaxation of elastic stress, and the rise of the 
surface due to compensation for the diminished density. The basin created 
would be but a shallow epicontinental sea. The down-plunge of the sea- 
ward segment would determine a concentration of surface basalt in the 
heavier dunite beneath the arcuate ridge, so that the latter would be 
floated up. The heavier material so displaced may be supposed to flow 
away as an attenuated layer, and the extra load thus broadly distributed 
to be compensated by a general adjustment of mass in the spheroid. If 
adjustment lagged after the distribution a low arching of the region 
would be a temporary effect, followed by slight subsidence as the adjust- 
ment proceeded. 
OrIGiIn oF ARCS 


In the foregoing paragraphs I have suggested in hypothetical outline 
an explanation of the origin of the insular ares which festoon the Asiatic 
and Alaskan coasts of the Pacific. In this hypothesis the ares are re- 
garded not as uplifted seafloor, but as true continental margin, which has 
been underthrust by the landward creep of the oceanic sima. The creep 
is the manifestation of the urge for isostatic equilibrium, which is upset 


1° Philip Lake: Island arcs and mountain building. Geog. Jour., vol. 78, no. 2, 1931, 
pp. 149-160. 
17 A. C. Lawson : Folded mountains and isostasy, Bull. Geol. Soc. Am., vol. 38, 1927. 
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by continental denudation. The form of the festoons arises from the 
geometric fact that the trace of any large thrust-plane slicing the spheroid 
of the earth is necessarily arcuate. ‘The best illustration of this is the 
splendid are presented by the southern front of the Himalaya. This great 
orographie feature, nearly circular for 1,500 miles, on a radius of 1,100 
miles, marks the trace of a major, low-angle thrust on which the immense 
mountain block rides. The angle which the thrust makes with the horizon, 
according to the best local geologic measurements ** is 12° to 15°. Geomet- 
rically it should be about 15°. 

The Himalayan are shows that the major thrusts, such as have given 
rise to the festoons of the Pacific, are not limited to the rim of that great 
basin. This and similar ares well within the continents appear to be 
fundamental features of mountain ranges, and suggest strongly that in 
the festoons of the Pacific, with their geosynclinal seas behind them, we 
behold the early stages of the making of a system of mountain ranges, the 
completion of which will mark the close of the present geologic epoch. 


CONTINENTAL ROCKS OF INSULAR ARCS 


The interpretation of the insular ares as continental margin, rather 
than uplifted seafloor, is based on the occurrence of the characteristic 
rocks of the sial in several of them. The Aleutian are extending from 
longitude 155°W to the coast of Kamchatka, nearly circular for about 
2,000 miles on a radius of about 850 miles, is the finest and most typical 
of these remarkable earth features. In shape it conforms to the trace 
of a thrust-plane dipping NNW. at 12 degrees. The islands which form 
the greater part of this beautiful festoon are volcanic; but the volcanoes 
are sessile upon a granite platform. Jaggar says: “Underneath the 
volcanoes of the Aleutian Islands there are old granites and sedimentary 
rocks, exposed especially on the Pacific side, which protrude from the 
Alaskan continent, folded and pinched along axes parallel with the island 
line.”?* In 1907 the late Prof. A. S. Eakle, who accompanied Jaggar 
on his Aleutian trip of that vear, collected and brought to Berkeley speci- 
mens of these granites which he showed the writer, informing him that 
they came from the middle portion of the Aleutian chain. A similar 
condition appears to obtain in the Kurile are, for Koto speaks of granite 
gravel on the shores of the islands of this great chain.*° 

1S Middlemiss : Ree. geol. survey India, vol. 50, pp. 122-125. 

wT. A. Jaggar: The volcano letter, no, 275, April 3, 1930. 


“ B. Koto: The Rocky Mountain ares in eastern Asia, Jour. Fae. Sei. Univ.. Tokyo, 
sec. 2. vol. 8. pt. 3. Mareh, 1931, p. 141 footnote. 
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Another are on which there is abundant evidence of the rocks of the 
sial is that of the Japanese Islands. If the continents are coextensive 
with the sial, and the latter may be taken as defining the limits of the 
former, then clearly the Japanese arc belongs to Asia rather than to the 
Pacific. 

The granites, granite-gneisses, quartz-diorites, and crystalline schists 
of the Island of Luzon, although emerging only in limited areas from 
below the volcanics, clearly indicate that the sial underlies the outer are 
of the Philippine Islands ** and that it represents the old continental 
border. Similarly the granites of Pedang in southwest central Sumatra 
indicate the extension of the Asiatic sial to the outer edge of the vast 
Malaysian continental shelf. The rocks of Borneo and Celebes indicate 
further that there is little or no break in continental continuity between 
Asia and Australia. 


EARLIER RECOGNITION OF UNDERTHRUSTING 


That the insular ares and the arcuate ranges of Asia are due to under- 
thrust from the Pacific has been urged by Hobbs.** But he fails to give 
us a satisfactory account of the origin of the stress which causes the under- 
thrust. B. Koté also entertains the same idea of underthrust to explain 
the insular ares. He says:** “The old and vast Pacific with the heavy 
sima magma of olivine basaltic oceanite or pacificite under her deep bot- 
tom, 9,000 meters below sealevel, made underthrusts toward the thin and 
light sial continental crust of the Asiatic margin, creating in effect folded 
ranges and fault-ridges. Later, reactionary movements took place in the 
reverse direction toward the submarine troughs resulting in the forma- 
tion of series of arcs (festoon) with volcanic chord (chain or zone) on 
the inner retrogressive side.” But neither Hobbs nor Koté have asso- 
ciated the underthrusts from the Pacifie with the urge for isostatic ad- 
justment induced by continental denudation. In a recent paper Lake ** 
also recognizes underthrusting as the mechanism of genesis of the arcs, 
although he speaks of overthrusting throughout his paper in the conven- 
tional way and does not discuss the nature of the stresses which cause 
the crustal break. 


21W, D. Smith: The essential features of the geology of the Philippine Islands. Phil. 
Jour. Sci., vol. 5, no. 5, 1910. 

22H, A. Brouwer: The major tectonic features of the Dutch East Indies. Jour. Wash. 
Acad. Sci., vol. 12, no. 7, 1922. 
23 W. H. Hobbs: Mechanics of formation of arcuate mountains. Jour. Geol., vol. 22, 
1914, 

24 Op. cit., p. 135. 

% Op. cit. 
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The failure of the earth’s crust, in the course of the development of a 
landward underthrust, would produce effects having the appearance of 
seaward overthrust ; and many geologists who have given little considera- 
tion to the subject persist in interpreting such movements as overthrusts. 
It is, however, mechanically impossible for the upper of the two segments 
of a large low-angle thrust to propagate the stress necessary for its own 
advance. The incompetence of the upper segment is usually manifest 
in folding and slicing, which show that frictional resistance to displace- 
ment on large surfaces is greater than the strength of the strongest rocks.” 


Tectonic Errects or UNDERTHRUST 

GENERAL DISCUSSION 
In regions of sedimentary strata an early effect of the horizontal col- 
lapse of the crust would be the folding of the beds to take up the local 
shortage of arc. The folds would then be appressed, overturned, and 
sliced by real but short overthrusts. If stratified rocks are absent and 
granitic terranes prevail, the incompetence of the upper segment will be 
manifest only in shearing and in relatively high-angle overthrusting. 
But whether the deformation of the upper segment is by folding and 
slicing or by slicing alone, the trend of the structural features so produced 
is in general not parallel to the trace of the major underthrust. Except 
in the middle of the arc the strike will be oblique to its trace. The folds 
and secondary overthrusts will be limited to a zone concentric with the 
same trace. These structural relations are of course not observable in the 
younger insular arcs, but they are to be expected in the Japanese and 
Philippine Islands and in portions of the East Indies.» They should also 
be observable in certain orographic arcs of the continental areas such as 

the Himalayas, the Carpathians, and the Alps. 


FOREDEEPS IN FRONT OF THE ARCS 


The insular ares of the Pacific have associated with them two other 
features of no less importance and interest than the arcs themselves. 
These are the geosynclinal seas which lie behind the ares, between them 
and the mainland, and the oceanic deeps which lie in front of them. The 
systematic association of arc, geosyncline, and foredeep is remarkably con- 
stant, and the genesis of any one of these features is doubtless bound up 
with that of the other two. We may first consider the foredeeps. In front 
of the Aleutian arc lies the Supan foredeep at a minimum distance of 
about 55 sea miles with a maximum depth of 24,000 feet. In plan it is 


2 Isostatic compensation considered asa cause of thrusting. Bull. Geol. Soc. Am., 
vol. 33. 1922, pp. 337-352. 
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convex seaward like the arc, but it is not strictly concentric with the 
latter, diverging from it to the east. The Kurile foredeep is parallel to 
the Kurile are at a distance of about 83 sea miles and has a maximum 
depth of 28,000 feet. The Japan trench lies about 90 sea miles off the 
coast of Japan with a maximum depth of 30,946 feet.27 It appears to 
be the continuation of the Kurile foredeep, and the two together are 
concave seaward in plan. The Riu Kiu foredeep lies at a minimum dis- 
tance from the Riu Kiu are of about 55 sea miles and diverges from 
it to the south. Its maximum depth is 24,537 feet. The Philippine 
foredeep lies off the southern part of the Philippine Archipelago, about 
45 sea miles from Mindanao, is over 29,000 feet deep, and diverges from 
the line of the Philippine arc to the north. 


IsosTaTiC BALANCE OF FOREDEEPS 


There are other deeps in the Pacific, but limiting ourselves for the 
present to the consideration of those just mentioned, because of their 
intimate association with insular arcs, it is to be noted that all of them 
have the dimensions of large mountain ranges, and that therefore they 
probably exist by reason of isostatic compensation. The Japan trench, 
for example, as distinct from the Kurile foredeep, has a length within 
the —6,000-meter contour of over 1,000 miles and a mean width of 85 
miles. It is nearly as deep below that contour as the Sierra Nevada is 
above sealevel. It has a cross-section below the —6,000-meter contour 
equal to that of the Sierra Nevada, and it is two and one-half times as long 
as that range from Mohave to Susanville. This is only what might be 
called the acute part of the depression. To the east there is a broad gentle 
slope of the seafloor between the —6,000-meter and —5,000-meter contours ; 
and the trench should be measured from about the latter contour. If we 
do so then its cross-section would be several times that of the Sierra 
Nevada. The other deeps with which we are here concerned are of the 
same order of magnitude, and it is therefore highly probable that, as 
already stated, they are in isostatic equilibrium. Regarding the foredeeps 
then as local or abnormal depressions, as far below the mean seafloor as 
high mountain ranges are above the sea surface, there appears to be a de- 
fect of mass in all of their cross-sections. Below the —5,000-meter con- 
tour seawater has been substituted for rock, probably basalt of specific 
gravity about 3.05. The only possible way in which this defect can be 
compensated is by substitution in depth, below the foredeeps, of some 


27 Rec. Oceanog. wk. Jap., vol. 1, pl. 5. 
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rock heavier than basalt. The basalt of the sima is generally believed 
to lie on dunite which has a specific gravity of about 3.3. If this dunite 
should intrude the lower part of the basaltic layer and displace the basalt, 
the column of the crust under the foredeeps plus the column of seawater 
over them might very well balance the column of basalt and seawater 
of the normal sea bottom. It is even possible that this substitution of 
dunite for basalt by intrusion might proceed so far as to entirely eliminate 
the basalt below the bottom of the foredeeps. Let us consider this pos- 
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4.—Isostatic Balance of Foredeep 


sibility. In the diagram, figure 3, A—B is the sea surface, C—D is the 
floor of the north Pacific at a mean depth of 5 kilometers, H—F is the bot- 
tom of a trench or foredeep at 9.5 kilometers below the surface; G-//, 
I-K is the bottom of the basalt resting on dunite. The dunite has in- 
trucded the basalt from below in H F F T entirely displacing it, so that it 
forms the bottom of the trench. The specific gravity of the basalt is taken 
at 3.05 and that of the dunite at 3.3. 
Since the columns balance at the bottom of the basalt G // J K, 


BMW X 3.3 +95 == (BW + 4.5)3.05 +5 
= 9.225 


EH = 36.9 km. 


This gives us a thickness for the basaltic layer of the sima of 36.9 + 4.5 = 
41.4 kilometers and a depth for the bottom of the layer of 36.9 + 9.5 = 
46.4 kilometers. If the basalt be thicker than 41.4 kilometers, then the 
dunite can not reach the bottom of the trench. If the basalt be thinner 
than 41.4 kilometers, then to maintain balance the dunite would rise 
higher and the trench could not be 9.5 kilometers deep. We may con- 
clude, therefore, that the basaltic layer of the sima under the floor of the 
Pacific is at least 41.4 kilometers thick, under the assumptions made for 
density, which can not be very far out. 
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This minimum value of 41.4 kilometers is close to the most probable 
value, 40 kilometers, which Byerly,** from seismological considerations, 
has found for the surface layer under the Pacific. It may, therefore, be 
adopted tentatively as approximately the real thickness of the basaltie 
layer under the Pacific. It follows then that under the ftoredeeps of the 
insular ares there is no basalt, but that the dunite cuts up aeross it from 
below and forms locally the floor of the ocean. This structural relation 
of dunite, basalt, and seawater determines complete isostatic equilibrium 
of the foredeeps with the rest of the ocean floor, and indeed with the 
earth’s crust generally. 

The question remains as to how the intrusion of the dunite into the 
basalt came about. On the continental surfaces geologists are familiar 
with the phenomena of intrusion: and it may be said in general that 
intrusions into the upper part of the earth’s crust from below follow, 
initially at least, tensional cracks or tears in the more brittle roeks of 
the surface layer. In the earlier part of the paper I have suggested how 
a tensional condition might have been induced beneath the ocean floor 
near continental coasts. I have pointed out that continental denudation 
develops a negative load in coastal regions which is compensated by a 
deep landward flow of heavy rock from below the ocean. The more 
rigid surface part of the crust rides on this flow and erowds upon the 
continental margin until it is accommodated by an underthrust. The 
underthrust relieves the banked up elastic stress; and both the riding of 
the rigid crust on the compensating deep rock flow and the relief of 
elastic stress determine a pulling away of the offshore sea bottom from 
the main floor of the ocean. This is probably the mechanism which 
promotes the intrusion of the dunite into the basalt of the sub-Pacifie 
sima, gives by the induced subsidence the foredeeps, and connects the 
latter genetically with the development of the insular ares. 


GEOSYNCLINAL SEAS BEHIND THE Aros 


The recognition of the insular arcs of Asia as the continental margin 
reshaped by great low angle, landward underthrusts involves also the 
recognition of the geosynclinal seas which lie behind those ares as epicon- 
tinental seas; and this necessitates an explanation of their great depth. 
The maximum depth of Bering Sea is 4,273 meters, Okhotsk Sea 3,770 
meters, Sea of Japan, 3,258 meters, Tung Hai Sea 2,377 meters, and 

Pp. Byerly: The dispersion of seismic waves of the Love type and the thickness of 
the surface layer of the earth under the Pacific. Gerlands Beitr. Geophysik., yol, 26, 
1930, pp. 27-33. 
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China Sea 4,965 meters. Since all of these seas are inside the original 
continental margin their basins must have been developed by local depres- 
sion of the continental surface, between the present mainland and the ares 
which shut them off from the Pacific. The problem is to explain their 
systematic subsidence consistently with the principle of isostasy. The 
problem is the same as that of the origin of the great geosynclines which 
have characteristically been developed at continental margins throughout 
geologic time. The areas of these geosynclinal seas are so large that there 
can be little question as to their isostatic equilibrium with the rest of the 
crust at all times, both before and after the depression which created the 
basin. The deep parts of Bering Sea and the China Sea have each an 
area of about 400,000 square miles, and the deep parts of the sea of 
Okhotsk and the sea of Japan are each over 100,000 square miles. The 
shallow part of all these seas is off the main shore and is so related to the 
great rivers as to suggest that it is a depositional embankment, the load 
of which must of course contribute to the depression of the floor of the 
basin. The substitution of seawater for the rocks of the sial to a depth 
of 3 or + kilometers by subsidence must be compensated by the substitu- 
tion of heavier rocks for lighter in the deeper parts of the crust. Ilow 
was this substitution effected ? 


SUBSTITUTION OF HEAVIER ROCK FOR LIGHTER BELOW THE SEAS 


When the thrust of the oceanic sima under the sial of the continental 
border gave rise to the insular ares, it may be supposed that a broad coastal 
belt had been approximately peneplained, so that it no longer tended to 
rise under erosion, the latter having reached its limit. Back of this low 
continental margin we may suppose that the interior was in high relief 
and rose promptly in response to removal of load by erosion. The com- 
pensation for this erosional loss from the high interior could only have been 
effected by an indraft of heavy rock in depth from the coastal region, caus- 
ing the low lands and shallow epicontinental seafloors to sink. Any inflow 
in depth from beyond the arcs would now be intercepted, since the islands 
which compose them would suffer loss of load by erosion; and this would 
determine a deep flow toward them from both sides. The flow from 
beneath the epicontinental seas would to a minor extent be toward the 
ares, and to a major extent toward the high continent bordering the seas. 
The sinking of the continental margin due to relief of elastic stress by 
underthrust had already initiated the geosynclinal depression inside the 
ares, but this initial subsidence was not large. Much the larger part of 


the subsidence of the geosynclinal seas must have been due to the with- 
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drawal of heavy rock to compensate the reduction of the continental sur- 
face, but the withdrawal of a layer of rock 4+ kilometers thick and the sub- 
stitution therefor of the water of the geosynclinal sea appears to involve 
a reduction of mass which would upset the isostatic equilibrium. If, 
however, we suppose that a large volume of a lighter rock was drawn off 
by reason of superior mobility or lower viscosity, to compensate the alle- 
viation of the continent, and that this was replaced by the rise of heavier 
rock, then the region might subside without disturbing its equilibrium. Tf, 
for example, the basaltic layer of the sima be the least viscous of the 
constituent lavers of the earth’s crust and if, as it is drawn off, the 
underlying dunite rises to replace it, being drawn in from a wide radius 
to a limited field, then the problem is readily soluble. It requires only 
a simple calculation to show that for a depression of the geosynclinal seas 
of + kilometers, all of the basalt and part of the overlying diorite would 
have to give place to dunite, if we take the bottom of the basaltic layer at 


GEOSYNCLINAL SEA 
G16km G 12.4 km 
G12.4km 
D18.6km D7.9km 
D 24.24 km 


B15.4km DUNITE 22.1 km 


B 7.16 km 


Figure 4.—/sostatic Balance of continental Upland, Coastal Plain and Geosynclinal Sea 


46.4 kilometers below sealevel. In the diagram, figure 4+, the left-hand 
column extends down from a surface 1 kilometer above sealevel to the 
hottom of the basalt. The middle column extends down to the same 
depth from a broad coastal plain at about sealevel, and the right-hand 
column extends down to the same depth from the surface of a geosyn- 
clinal sea that is 4 kilometers deep. All three columns are in balance. 
The distribution of rocks in the right-hand column is obtained from the 
following equation : 

Let a==the thickness of diorite left in the column under the geosynclinal 
sea. Then 

(18.6 2.8) + (15.4 3.05) = 44 2.82 + 3.3(30—2) 
52.08 + 46.97 =4— 99 


5a== 39.5 
x= 7.9 km. 
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From this it appears that if the whole of the basalt and 10.7 kilometers of 
the diorite above it be drawn away and replaced by dunite, the equilibrium 
will not be disturbed while the sea floor is depressed 4 kilometers. 

The distribution of the different rocks in the left-hand column is based 
on the assumption that the upland, 1 kilometer high, is due directly to 
uplift caused by the compression of the sial without change of the pro- 
portions of granite and diorite. If, however, we regard the upland as 
the result of prolonged denudation of a higher mountain range, the rela- 
tions would be different. If, for example, the region had originally been 
uplifted 3 kilometers the downward protuberance of the sial would have 
extended completely through the basaltic layer of the sima and 5.3 kilo- 
meters into the underlying dunite, as appears from the following equa- 
tion: 


Let « = the protrusion of the sial into the dunite 
then (31 X 2.72) + (15.4 X 3.05) + 3.32= (34 314 15.44 -2)2.72 


z= 5.307 km. 


The equation ignores the distribution of basalt and dunite displaced 
by the downward protuberance of the sial, this being probably widespread 
and attenuated, an not affecting the local balance. 

The reduction of this range to a mean altitude of 1 kilometer implies 
a rise of the column beneath it, so that many times the measure of its 
diminution in altitude would have been removed by erosion.. The exact 
amount of this rise depends on whether, as the bottom of the sial rises, it 
is replaced by basalt flowing in from the sides, or by dunite following it up 
from below; and this alternative would be determined by relative viscosity. 
If the basalt replaces the rising sial, then the rise of the latter will be 
11.7 kilometers, and the amount removed by erosion will have been the 
equivalent of a prism 13.7 kilometers thick. This appears from the fol- 
lowing equation: 


Let # = the amount of the rise 
then (31 X 2.72) + (15.4 X 3.05) = (3 + 314 154 4+ 5.3—2)2.72 
— (2 X 2.6) + (x —5.3)3.05 
Jon: 


The rise 11.7 km. + the lowering of the surface 2 km. = 13.7 km. 
Similarly it can be shown that if the dunite instead of basalt replace 
the rising sial column, by reason of difference in viscosity, the rise of the 
latter will be 9 kilometers and the prism removed by erosion 11. kilo- 
meters. 
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MALAYSIAN ARC 


One of the most notable of the Asiatic insular arcs has not yet been re- 
ferred to, namely, the great Malaysian arc, extending for more than 3,000 
miles from near the mouth of the Irawadi to the east side of Banda Sea, 
convex to the Indian ocean. The circle of which it is a part has a radius 
of about 1,800 miles, and on the hypothesis which I have applied to the 
Pacifie ares, it corresponds to the trace of a plane cutting the earth at an 
inclination of 25 degrees to its tangent at the Strait ef Sunda. Accord- 
ing to Brouwer ** this are has in part a double structure. The inner 
arc includes Sumatra, Java, Bali, Lombok, Sumbawa, Flores, and Wetter. 
The outer are is discontinuous. It includes a chain of islands off the 
Sumatra coast, which is continued in the Nicobar and Andaman Islands 
to Cape Negrais in Lower Burma, and a chain extending from Sumba 
through Timor, Babber, Kei, Ceram, and Buru. The latter curves 
around the end of the inner are and encloses Banda Sea. 

Brouwer regards both inner and outer ares as geanticlinal axes; and 
he calls attention to the “important differences between the Tertiary 
strike and the direction of the present geanticlinal axes.” I have pointed 
out, however, that the tectonic features developed in the production of 
an are by underthrust, while occupying a zone concentric with the are, 
would be for the most part oblique to its curve. Thus the discordance of 
strike is no indication that oblique axes of folds and oblique faults are 
older than the main underthrust. 

In front of the eastern half of the Malaysian are there is a foredeep 
about 1,200 miles in length and between 6,000 meters and 7,000 meters 
indepth. It lies about 135 sea miles offshore. As a less profound depres- 
sion, however, this foredeep extends northwest as far as the Nicobar 
Islands, nowhere reaching a depth of 6,000 meters. Off the Nicobars 
the soundings show 5,257 meters. The foredeep is nearly concentric with 
the insular are, but diverges from it appreciably toward the east end. 

There are two relatively small geosynclinal seas behind the Malaysian 
are, one with a depth of over 4,000 meters, enclosed by the Andaman and 
Nicobar Islands, and the other with a depth of over 5,000 meters north 
of Sumbawa and Flores at the east end of the are. If we suppose the 
continent of Asia to extend to the limits indicated by this great are, 
although in the Malaysian. region a large part of it is covered shallow epi- 
continental sea, then its denudation, and the consequent upset of isostatic 
halanee, would induce a landward flow of the least viscous sima from below 


211, A. Brouwer: The major tectonic features of the Dutch East Indies. Jour. Wash. 
Acad. Sci., vol. 12. no. 7, 1922. 
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the Indian ocean. The more superficial and more rigid part of the sima 
riding on this flow would be underthrust landward, and the trace of the 
thrust-plane would define the are. The tension in the sima beneath the 
seafloor would promote the invasion of the basaltic layer by dunite, and a 
consequent sag of the ocean floor in the form of the concentric foredeep. 

Of the two small geosynclinal seas held in by the Malaysian are at its 
ends, that east of the Andaman Islands may owe its existence to the ero- 
sional removal of load from Indo-China; while that north of Flores is one 
of a system of deep basins which lie along the outer edge of the Asiatic 
shelf, just within the great structural belt defined by the Philippine and 
Malaysian ares. The system comprises the sea north of Flores (5,120 
meters), Banda Sea (6,504 meters), Celebes Sea (5,111 meters), and Sulu 
Sea (4,663 meters). The first is convex to the Indian Ocean and the other 
three are convex to the Pacific. The Banda Sea is enclosed by the fish- 
hooklike end of the Timor arc, but is traversed by another concentric hook 
of smaller radius at the end of the inner Malaysian are. Outside the Timor 
are and concentric with it is the edge of the shallow Sahul shelf which 
connects Australia with New Guinea. Between the are and the edge of 
the shelf is a narrow trench or elongated depression which may perhaps 
play the réle of a foredeep. It does not as a rule exceed 2,000 meters in 
depth, but there are soundings in it of 2,571, 3,109, 3,565, and 4,709 
meters. The Celebes Sea lies in the concavity of the inner Philippine arc 
which passes from Mindanao to the east-west peninsula of the island of 
Celebes. Outside the convexity of this arc is a depression of small extent 
having a depth of 3,754 meters. The Sulu Sea is separated from the 
Celebes Sea by an are which crosses from the most westerly part of Min- 
danao to Borneo. 

The genesis of these arcs and seas appears to be complicated because this 
southeast end of Asia, the Asiatic shelf, has been subject to underthrust 
from both the Pacific and the Indian oceans. Here an area as large as 
Australia, confined by the Philippine and Malaysian ares, is affected by 
the landward creep of the sima from both oceans. Assuming isostatic 
balance these deep epicontinental seas could have come into existence only 
by the substitution of heavy rock for lighter in depth. This can only mean 
the draining away of the least viscous layer of the lighter upper crust to a 
region underloaded by denudation, and the rise of the dunite to take the 
place of part of it. The four geosynclinal seas mentioned are grouped in a 
semicircle about the south, east, and north sides of the high ground of the 
Asiatic shelf, represented by the islands of Borneo and Celebes. If, as I 
suppose, the ares that enclose them on the oceanic side are underthrust, 
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then the landward creep of the oceanic sima from beyond the ares would be 
intercepted by them and plunge under them. The rise of the high central 
region (Borneo and Celebes) due to removal of mass by erosion might be 
compensated by deep flow from under peripheral shallow seas within the 
ares. If this deep flow were differential, conditioned by relative viscosity, 
then the heavier dunite might replace some of the lighter crust, and so 
bring about the subsidence which gave these epicontinental seas their great 
depth. This scheme of isostatic adjustment would harmonize the minor 
arcs, deeps, and geosynclinal seas of the East Indian Archipelago with the 
larger features of the same type extending from Alaska to the Philippines. 
The essential difference would be that in the archipelago, owing to com- 
pressive stresses from both oceans, there has been a succession of minor 
underthrusts rather than one great movement on simple lines. 


THE BonIN-MARIANNE-PELEW ARC 


Perhaps the most remarkable of all the insular arcs which festoon the 
Asiatic coast of the Pacific is that of which the Marianne Islands are the 
most pronounced expression. North of this chain the are extends as a 
well-defined submarine ridge to the middle of Japan at Sagami Bay. The 
ridge culminates in a rather open double chain of islands of which the 
Bonin group is the most important. This ridge is approximately straight 
andextends southward past but inside the north end of the Marianne chain, 
so that the latter appears to spring from it, convex to the Pacific, on a 
radius of about 450 miles. The length of the ridge from Sagami Bay to 
the spring of the are at Volcano Island is about 700 miles; and the length 
of the Marianne chain, including its submarine extension, is about 1,200 
miles. It terminates southwestward at the edge of a narrow, short, trans- 
verse trench known as the Yap deep, which has a depth of 7,538 meters. 
Beyond the Yap deep are two other short insular ares convex to the south- 
east, the Yap are and the Pelew arc, arranged en echelon and separated by 
the Pelew deep, the latter having a depth of 8,138 meters. The Pelew are 
terminates apparently near the south end of the Philippine trench; 
although Brouwer carries it through to Halmaheira in the East Indies. 
This great complex structural feature comprising Bonin Ridge, Marianne 
arc, Yap are, and Pelew arc, extending as described from Sagami Bay to 
the south end of the Philippine trench, has a length of about 2,500 miles. 
It encloses a vast depression known as the Philippine basin, which bears 
the same cartographic relation to the whole compound are as do the less 
extensive geosynclinal seas to the insular arcs which enclose them. From 
analogy with the other arcs this outer and strangely situated are probably 
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owes its existence to a series of four underthrusts from the Pacific toward 
Asia, arranged in the same arcuate zone. 

The analogy with the insular arcs nearer the mainland of Asia is accen- 
tuated by the existence of the Nero foredeep off the southern part of the 
Marianne are, having a length of over 600 miles below the —6,000 meter 
contour and a depth of 9,636 meters. The foredeep is, like the are, con- 
vex to the Pacific and is distant from the island of Guam about 70 sea 
miles, but diverges from the Marianne chain toward the northeast. 

When we recall that the Marianne arc is out in the ocean, 1,625 miles 
from the coast of China, that Guam is 1,350 miles from the north end of 
Luzon, and that the oceanic basin which it encloses lies outside of the 
Japan, Riu Kiu, and Philippine ares, it is not easy to regard this great 
compound arc as having been at one time the continental margin. ‘To do 
so would be to claim that the sial extends out to east longitude 146 degrees 
in the latitude of Manila; and this would in some measure invalidate the 
hypothesis which has been advanced for the origin of the ares nearer the 
mainland. The Himalayan, Carpathian, Alpine, and other great arcs 
show that the underthrusts which produced them are not limited to the 
continental margins, but that they may arise far in the interior. Sim- 
ilarly it may be conceded that underthrusts, such as we may invoke to 
account for the rise of the Bonin-Marianne-Pelew compound arc, may 
occur on the ocean floor far from land. To account for the stress which 
caused the landward creep of the sima so far from the coast we must, as 
in the case of the Himalayan, Carpathian, and other mountain arcs, look 
for forces other than those arising from the upset of isostatic balance by 
denudation of the continental border. There are other ways in which the 
isostatic balance may be disturbed. 

Owing to the accumulation of continental waste in its shallow waters 
the ocean is probably growing deeper. This deepening, by increasing the 
load of seawater, must generate a landward stress in the crust under the 
ocean. The stress may be within the elastic limit of the sima and so 
ineffective for flow. If, however, by reason of a local acute subsidence of 
the ocean floor the extra load of water should greatly enlarge this stress, 
there might be induced an active landward flow of the more viscous sima 
from the region of subsidence ; and the more rigid superficial crust would 
move with the flow. At some distance from the source of the flow the 
banking of elastic stress in the riding crust would overcome the strength 
of the latter and it would break. The stress would be relieved by under- 
thrust, and the seafloor would be elevated in a belt defined by the curving 
trace of the thrust, which under these conditions would be convex seaward. 
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Now east of the Marianne arc and seaward of the Nero deep the bathy- 
metric map of the Pacific presents an ill-defined, but nevertheless veritable, 
area of exceptional depth. ‘This area is known on the maps as Brooke 
deep, but it is not a narrow elongated trench on the seafloor, like the fore- 
deeps, but is a broad area covering about 15 degrees of longitude and 7 
degrees of latitude lying below the —6,000-meter contour. ‘The only ex- 
planation that can be imagined for this depression of quarter of a million 
square miles is differential radial contraction. The stress due to the added 
load of seawater combined with the general landward stress of the crust 
under the ocean might well promote a flow of the more viscous sima upon 
which the rigid surface sima would ride. The latter broke, according to 
this scheme, and was underthrust on the line of the Marianne chain, while 
the tension created in the riding crust promoted the invasion of the basaltic 
sima by the dunite and the consequent development of the Nero deep. 
Under this hypothesis the Philippine basin of the bathymetric maps would 
not be a geosynclinal sea analogous to Bering Sea, Okhotsk Sea, etc., but 
should be regarded as a portion of the ocean enclosed by the insular are. 
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INTRODUCTION 


A knowledge of the vertebrate assemblage of a past geologic period based 
solely on footprint records would be very meager. However, footprint 
records add to the picture to the extent of emphasizing the variety of air- 
breathing vertebrates, and such records are particularly welcome when 
they come from periods in which the skeletal record is scanty. In the 
paleontological collections of the University of Missouri are several foot- 
print records that are of value from this standpoint. They furnish addi- 
tional data on the variety of life in the Pennsylvanian, the Triassic, and 
a part of the Cretaceous from which few vertebrates are known. 


PENNSYLVANIAN REcoRDS 
TENSLEEP SANDSTONE OF WESTERN WYOMING 


Two slabs of footprints were quarried from large blocks of the Tensleep 
sandstone of western Wyoming by the 1929 geological field party of the 
University of Missouri. The first slab, which has been selected as the 


1 Manuscript received by the Secretary of the Society January 2, 19382. 
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type, was found by Donald Bell while he was making investigations under 
the direction of the senior author, and the species recorded on the slabs is 
named in his honor. The second slab was found by N. H. Brown of 
Lander, Wyoming. In the laboratory it was discovered that the second 
slab was a continuation of the first and that together they record an un- 
broken series of footprints—a single progression of one animal. The 
sandstone is quartzitic and composed of well-assorted angular quartz grains 


averaging about 0.15 millimeters in diameter. 

Together the slabs apparently record an 8-foot strip normal to the water 
margin, one end of which was still submerged or only recently exposed to 
the air when the animal walked there. The other end had been exposed 
long enough to present a relatively hard crust. In consequence, the first 
of the series of prints are so deeply impressed as to be imperfectly pre- 
served, whereas at the anterior end of the series, on the second slab, many 
of the prints are obscure because the surface was so hard that they were 
irregularly and slightly impressed. In this part of the record the crust 
was broken by diagonal faults of slight displacement extending from the 
tip of the middle toe of one hind foot to that of the opposite foot as indi- 
cated in the accompanying diagram, figure 1. Evidences of webbed toes 
in this record suggested the generic name Steganoposaurus. 


Steganoposaurus Branson and Mehl, new genus 


Generic characteristics.—Quadrupedal, weight borne largely by the hind 
feet. Manus and pes pentidactylate ; pes fully webbed, directed anteriorly 
or slightly out; first and fifth digits short with rounded extremities ; sec- 
ond, third, and fourth digits long and acuminate. Stride exceptionally 
short. Trackway narrow, right and left hind foot prints close or inter- 
fering. 

Steganoposaurus belli Branson and Mehl, new species 
(Plate 10, figure 1 and text figure 1) 

Type.—Catalog number 595 V. P., University of Missouri, a slab 
marked by a consecutive series of 24 prints of right and left hind feet and 
a few indifferently preserved prints of the forefeet. The prints are of an 
animal walking in a straight trackway. 

Type locality—Sheep Mountain, 30 miles southeast of Lander, Fre- 
mont County, Wyoming. 

Geological occurrence.—Tensleep sandstone, Pennsylvanian. 

Description.—The stride is approximately 95 millimeters, and the track- 
way, excluding the abnormally stretched web between the fourth and fifth 
fingers, is approximately 100 millimeters wide. . 
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The forefoot is considerably smaller than the hind foot and bears five 
digits without evidence of claws or web connections. The first and fifth 
digits are short and rounded, the first directed in and slightly back from 
the others. The fifth digit is slightly recurved at the tip. The second, 
third, and fourth fingers are subequal in length, long and pointed. The 
foot is directed forward and out. The sole is completely occupied by a 
single undivided pad sharply set off from the base of the fingers except 
that of the fifth. The first finger has a clearly outlined pad near the tip; 
others are apparently without pads. The length of foot is about 43 milli- 
meters; the width, from tip of first to tip of fifth toes, 39 millimeters. 
The lengths of toes, in order from first to fifth, approximately 10, 19, 18, 
17, and 10 millimeters. The trackway is slightly wider than that of the 


hind feet. 

On the hind foot the first and fifth digits are short and rounded at their 
extremities. The other toes are long, slender, and acuminate. The toes 
are without claws and all are connected in a web that extends to the tips 
of the digits. The fifth digit is directed at right angles to the axis of the 
foot. The sole is completely occupied by a single pad that is slightly 
excavated antero-posteriorly at the outer side of the middle line. All the 
digits have pads at their proximal ends more or less set off from the pad 
of the sole; the pad of the fifth digit is slightly set off, the second, third, 
and fourth digit pads are moderately set off, and the first is markedly set 
off. The pads extend to the tips of the first and fifth digits and possibly 
half the length of the toe on the others. The lengths of the digits, begin- 
ning with the first, are approximately 15, 37, 38, 27, and 9 millimeters, re- 
spectively. The length of the foot is 65 millimeters and the width about 
50 millimeters. The foot is directed anteriorly and slightly out. The 
outer part of heel is impressed on the tips of the second and third fingers 


of the forefoot impression. 

There is no evidence of tail or body drag, although the conditions seem 
ideal for recording these were either a part of the normal progression. 
The middle of the trackway is raised in a series of moulds, one back of 
each heel impression in what was undoubtedly loose sand at the time of 


making. 

Interpretation of the record—The prints are not a true record of the 
shape of the foot in some of its lesser details because of the plastic nature 
of the ground surface at the time of impression. At the posterior end of 
the series the second and fourth toes are more sharply incurved and their 
tips are closer to the tip of the middle digit than at the anterior end of the 
series. This is one bit of evidence, but not the only one, for connecting 
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webs. Fine loose sand forced up between the toes by the weight on the 
ball of the foot would necessarily pull the slender tips of the immediately 
adjoining toes toward the middle digit. In the more compact sand of the 
anterior end of the series the toe spaces are more nearly normal because 
the sand was less plastic. Another departure from the normal foot shape 
is the marked outward convexity of the web outline as indicated between 
the fourth and fifth toes. This departure from a straight outline was 
probably caused by the outward and upward squeezing of the sand from 
beneath the ball of the foot. It is recorded in the tracks by a hillock of 
sand between the fourth and fifth digits of each foot impression. Most 
conspicuously above the surface of the slabs are those hillocks associated 
with the most deeply impressed feet. On the outer side of several of 
these mounds the impression of the tightly stretched membrane margin 
is clear. It follows that in many of the tracks the fifth digit is pulled 
farther forward at its tip than it would be in its normal position. Web 
margins between the other digits are clearly impressed in one or another 
of the footprints. 

Some characteristics of Steganoposaurus belli—It is evident that con- 
ceptions of even the gross structure of an animal based solely on its foot- 
prints are insecure at best and possibly very misleading. In the present 
case an interpretation of the data, although these are far from complete, 
is not without some justification. 

In the first place the animal was quadrapedal in gait, for although the 
hind feet only are clearly impressed. there is at least one fair impression 
of a forefoot and several much poorer records in their proper relation to 
the normal stride on other parts of the.slab. Inasmuch as the hind foot 
impressions mark every step, in some places deeply, it is reasonably sure 
that the lack of good impressions of the fore feet is not due to hardness of 
the impression surface, and it may be assumed that the presacral weight 
of the animal was but little greater than the postsacral. Only under such 
conditions would the weight be borne so fully by the hind feet. From this 
one may well conclude that there was a tail of considerable size, massive, 
particularly at the base, and probably laterally compressed. A slender 
tail of appreciable weight would almost certainly have left an impression 
in the loose sand pushed up in mounds between the toes of the hind foot. 

In normal progression the animal slightly overreached the forefoot 
impression with the hind foot of the same side, suggesting a body length 
between forefeet and hind feet of about 8 inches. From this length, and 
assuming a moderately heavy tail, it may be judged that the animal was 
somewhat less than 3 feet in length. The comparatively narrow trackway 


ve 
th 
m 
id, 
he 
a 
pt 
8, 
ie 
ir 
es 
Ds 
1e 
ly 
1e 
i, 
et 
y 
- 
e- 
ut 
1e 
rs 
n 
f 
f 
r 
e i 


388 BRANSON AND MEHL—FOOTPRINT RECORDS 


indicates a slender, spindle-shaped body. It is not unlikely that the 
webbed hind feet, laterally compressed tail, and spindle-shaped body made 
for fairly efficient swimming. 

Relationships.—Steganoposaurus belli presents one of the very few 
records of webbed feet among the Paleozoic air-breathers, but the posses- 
sion of webs is probably of little value in classification. Certainly there 
is no suggested generic relationship between the form here described and 
Barypodus palmatus Gilmore,? the only other record of a Paleozoic webbed 
foot of which the writers have knowledge. The two forms show marked 
differences in the finger formula, the stride, and the shape of the sole. 

Among the Pennsylvanian forms several may have been webb-footed 
and have failed to leave a record of this structure, for only under the most 
favorable conditions would an impression of the web be made. Disregard- 
ing the lack of record of webbed feet, none of the Pennsylvanian tracks 
approaches the present form in development, and none of the Pennsyl- 
vanian forms known from skeletal parts suggests a track of the sort here 
described. 

SCRANTON SHALE OF EASTERN KANSAS 


In 1873 Professor Mudge shipped two cars of slabs taken from a quarry 
near Osage City, Kansas, to Manhattan, Kansas, for the purpose of as- 
sembling the footprints that might be found in the rock. The rock was 
much used in nearby towns for walks, and from a slab so utilized in the 
town of Burlington, Kansas, came the specimen described below as a 
topotype of Allopus littoralis. The rock was formerly known as the Osage 
limestone and was so reported by Marsh, but its designation as Scranton 
shale is in keeping with present-day usage. 

None of the material figured by Marsh in establishing the genus and 
species Allopus littoralis shows clear impressions. If the weight were at 
all unequally distributed on the foot, adequate impressions of the entire 
foot would be formed only under the most favorable conditions of plasticity 
of the sediments, especially since the undersurface of the foot was un- 
differentiated by distinctly outlined pads. It seems likely, moreover, that 
an animal of such bulk might make impressions that varied considerably 
in size depending on the toughness of the surface sediments and the plas- 
ticity of the materials immediately below the surface. For that reason 
no great importance is attached to the facts that the impressions described 
as a topotype are somewhat smaller than those figured by Marsh and that 
they indicate an additional digit on the hind foot. 


2 Smithsonian Misc. Coll., vol. 77, 1926, fig. 18, pp. 27-29. 
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Allopus littoralis Marsh 


Original description.-—* Besides the footprints above described, which 
pertain to animals of comparatively small size, there are several other 
series in this collection made by very large animals, which were probably 
all Labyrinthodonts. These tracks were made on the same beach, and 
probably at about the same time as the small footprints, but not all under 
the same circumstances. The largest animal thus represented appears to 
have walked on one part of the beach that was quite firm, leaving very 
shallow footprints, and again to have traversed another part, quite near 
the first, but slightly covered with water, or at all events so soft that deep 
impressions were made by the feet, while the toes of the hind feet also left 
deep trails as they swung outward at each step... . 

“These tracks show that the animal had five toes in the fore feet and 
four behind. The hind feet show a distinct impression of a sole. There 
is no imprint of a tail, even where the mud appears to have been deep.” 

T'ype.—Not indicated. 

Topoty pe-—Catalogue number 593 V. P., University of Missouri, a slab 
from the same quarry as the material described by Marsh, showing clearly 
the imprint of one left forefoot and one associated right hind foot. 

Type locality. Osage City, Osage County, Kansas. 

Geological Occurrence-—Scranton shale (“Osage City shales” of 
Haworth) * upper part of the Shawnee formation. 

Revised description.—The material on which Marsh based his descrip- 
tion of Allopus littoralis is an indifferently preserved record, if one may 
judge from the above description and the figures most of the outlines 
of which are dotted. Although the topotype, as designated by the writers, 
is markedly different in several details from the original as described 
and figured, these differences are no greater than are to be expected be- 
tween poorly preserved and clearly marked footprints of the same animal. 
The revised description is based on this topotype and on such obvious 
data from the original material as the stride and the apparent trackway. 


Genus Allonus Marsh 


Generic characters —Quadrupedal, stride long, trackway nearly as 
wide as length of stride, hind foot reaching or nearly reaching impres- 
sions of forefoot, feet directed forward and conspicuously inward, impres- 
sions of forefeet and hind feet aligned. Body elevated and no tail drag. 


3 Amer, Jour. Sci., ser. 3, vol. 48, 1894, pl. II, figs. 4 and 4a, p. 83. 
‘Amer. Jour. Sci., ser. 3, vol. 50, 1895, p. 461. 
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Fect plantigrade, palmate; manus and pes (7) with five digits, bluntly 
rounded and short; sole short, that of manus markedly so; no distinct 
sole pad or phalangial pads. 


Allopus littoralis Marsh 


(Plate 10, figure 2, and text figure 2) 

Allopus littoralis Marsh, American Journal of Science, series 3, volume 
48, 1894, plate II, figures 4 and 4a, page 83. 

Description.— F ore foot 
wide with short sole, nar- 
z WV rowly rounded at its outer- 
posterior margin. Digits 
short and bluntly rounded, 
fourth and fifth markedly di- 
varicate. Digit lengths, 
II from first to fifth in order, 
about 15, 35, 45, 36, and 30 
millimeters. Width of foot 
I trom tip of first digit to tip 
of fifth about 115  milli- 
meters. Length from point 
of heel to tip of third digit 
95 millimeters. Foot 
directed inward. Tips of 
first four digits more deeply 
impressed than other parts. 
Hind foot palmate, second 
and third digits more di- 
varicate than others, fifth 
(?) markedly opposed. Sole 
short, broadly rounded pos- 
teriorly; digits short and 
bluntly rounded, tips of first 
three more deeply impressed 
than others; fifth digit and 
outer part of foot very 
slightly impressed. Lengths 


Figure 2.—Allopus littoralis Marsh of digits from first to fifth 
Outline of fore- and hind feet of left side in 

the relationship impressed on slab 593 V. P., about 17, 30, 37, 42, and 

University of Missouri, X %. The dotted line 30 millimeters. Length 


on the outer side of the hindfoot restores the 
outline beyond the edge of the slab. and width of foot about 117 
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and 105 millimeters. Foot directed anteriorly, in normal progression 
failing to reach the forefoot impression by about 40 millimeters. Stride 
about 390 millimeters; trackway, including outward swing of hind feet 
between steps, about 460 millimeters. 
UPPER COAL MEASURES, KANSAS CITY, MISSOURI 
Collettosaurus missouriensis (Butts) 


(Plate 10, figure 3a) 


Notalacerta missouriensis Butts, Kansas City Scientist, volume 5, 1891, 
number 2, page 18. 

Collettosaurus missourtensis (Butts), Charles W. Gilmore, Smith- 
sonian Miscellaneous Collections, volume 80, number 3, 1927, figure 30, 
page 58, 

Matertal.—A small slab, number 615 V. P., University of Missouri, con- 
taining one faint imprint and one good impression of the hind foot of 
Collettosaurus missourtensis and several footprints of another form. 

Locality—Kansas City, Missouri, apparently the same locality as that 
of the type specimen. 

Geological occurrence.—A gray arenaceous, micaceous, platy shale from 
the “Upper Coal Measures,” the same horizon as that of the type specimen. 

Description.—The determinable impression of C. missouriensis is of a 
left (?) hindfoot slightly smaller than the type. Four digits numbers 
1, 2, 3, and 4, are sharply impressed. There is no impression of the 
fifth toe, but the place where it should occur is occupied by the trail of 
another animal. The toes are long and slender, tapering regularly from 
an average proximal width of about 3 millimeters to acuminate tips. 
All of the toes are markedly incurved. In length they measure about 10, 
13, 18, and 22 millimeters, in order from the first to the fourth. The 
sole is but slightly impressed and only at the base of the toes. The 
sharply indented toe-marks suggest that the failure of the heel to make 
an impression was not due to the lack of suitable recording material. 

Remarks.—As pointed out by Gilmore,’ the forms designated by Butts 
as Notalacerta missouriensis and Notamphibia magna have no charac- 
teristics sufficienty distinctive to warrant their separation from the genus 
Collettosaurus Cox, proposed at an earlier date to include a form de- 


scribed as indianaensis.® 
Collettosaurus missouriensis has not been identified in other than the 
Kansas City locality. No label accompanies the University of Missouri 


*> Smithsonian Misc. Coll., vol. 80, no. 3, 1927, p. 58. 
®K. T. Cox: Fifth Ann, Rept. Geol. Surv. Indiana, 1874, p, 247. 
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specimen, but according to the memory of the senior author it came 
from the type locality and horizon. Unfortunately the details of the 
forefoot, the stride, trackway, and tail impression cannot be verified, 
but there is no doubt that the details of the impression described and 
figured by Butts as the left hindfoot are correct with the possible excep- 
tion of the fifth toe. The verification of the species seems of sulficient 


importance to justify this brief notice. 


Crucipes parrus Butts 
(Plate 10, figure 3b) 


Crucipes parvus Butts, Kansas City Scientist, volume 5, 1891, number 
2, page 19. 

Material.—A small slab, number 615 V. P., University of Missouri, 
containing three consecutive impressions of the left (?) foot in addition 
io impressions of Collettosaurus missouriensis, decribed above, and tail- 
drag impression. 

Locality.—Kansas City, Missouri, thought to be the same as that type 
of this species. 

Geological occurrence.-—A gray arenaceous, micaceous, platy shale, 
apparently the same as that in which the type of the species occurred. 

Description.—Foot four (7) toed with a long, very slender median 
anterior digit and two shorter lateral toes directed forward and laterally. 
Line through “heel” and median toe slightly concave outward. Total 
length of impression 10 millimeters. Width across tips of lateral toes 
about 4 millimeters. Length of median-anterior and lateral toes about 
5 and 3 millimeters respectively. Stride 19 millimeters. 

Remarks.—This species was interpreted by Butts as a three-toed ani- 
mal with a long, slender heel. In the present specimen the “heel” is 
sharply impressed with a definite posterior termination like that of the 
anterior digits. This posterior elongation of the footprint is slightly 
convex upward along the anterior-posterior line, and the deepest part 
of the entire foot impression is at the base of the toes. These features 
would scarcely characterize a form in which a heel was clearly impressed 
with each step. Regardless of the remarkable specialization implied for 
this early stage in the development of land vertebrates, the logical con- 
clusion is that Crucipes parvus was four-toed with the fourth digit di- 
rected backward. 
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There are other doubtful points presented by these footprints, one of 
the more important of which is the gait and stride of the animal. The 
type specimen is figured with imprints of opposite feet at the same level 
and with a comparatively wide trackway. Such a stride may be inter- 
preted as that of a quadruped with forefeet and hind feet identical in 
size and with a very exceptional gait in that the alternate forefoot and 
hind foot impressions reach the same level. This interpretation leads 
to further incongruities, however, for a quadrupedal animal of a weight 
commensurate with the tail-drag impression indicated by Butts is scarcely 
in keeping with the very small, delicate feet. The sharp impression of a 
dragged tail might go with a bipedal form of small size, but a bipedal 
gait in which the right and left foot reach the same level, except in salta- 
torial forms, is scarcely conceivable, and the tail groove is too regular for 
a hopping animal. 

To the right of the foot impression of the specimen here described 
there is a sharply impressed trail of a dragged tail. If this impression 
was made by the same animal as were the footprints, the trackway was 
not over 10 millimeters wide, considerably narrower than that indicated 
by Butts. No foot impressions appear to the right of the tail groove 
at the level of those of the left side, but there are faint indentations at 
the correct lateral distance and midway, antero-posteriorly, between those 
of the left side. These delicate marks are too faint to be more than 
suggestive, but they indicate the possibility of a poorly recorded bipedal 
gait of normal stride Perhaps the specimen described by Butts is to be 
interpreted as a record of two individuals. The writers have not been 
able to examine this type. 
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Triassic Recorps: Popo AGiE BEDS OF WESTERN WYOMING 
Agialopous Branson and Mehl, new genus 


Generic characters.—Quadrupedal, occasionally bipedal (?), digiti- 
grade with forefoot smaller than hind foot, three functional digits on the 
manus and pes; digits of both feet comparatively long and narrow, divari- 
cate with rounded tips; middle digit conspicuously longer than the others ; 
more or less distinct phalangeal pads Trackway wide, forefoot impres- 
sions markedly inside (?) and about equally spaced between the hind 
foot impressions of the same side. 


Agialopous wyomingensis Branson and Mehl, new species 
(Plate 10, figure 4, and text figures 3 and 4) 


Type.—Catalogue number 540 V. P., University of Missouri, two slabs, 
one with a single well-marked natural cast of the right hind foot and the 
other containing a less perfect impression of the left forefoot. 

Type  locality—Sage Creek, 
I Fremont County, Wyoming. 

Geological occurrence.-—An ir- 
regular sandstone member from 
near the top of the Popo Agie beds 
(80 feet above the “bone hori- 
zon”), Chugwater formation, 
Middle (?) Triassic. 

Description.—Stride about 430 
millimeters; width of tragkway 
probably about 400 millimeters. 
Forefoot impressions halfway be- 
tween adjacent hind foot impres- 
sions of one side and about 100 
millimeters inside (?) hind foot 
impressions. Quadrupedal in 
normal progression, with body 

The diagram is of left forefoot, X %4. raised and no tail drag. F 
The broken outline of digit five indicates Forefoot semiplantigrade, with- 
the uncertainty of the interpretation of out distinct heel ; about "0 milli- 
the impression. The position of the toe ae 
and palm pads is not definitely determinea, Meters long and 65 millimeters 

wide across tip of lateral toes. 
Three functional digits and probably a fourth digit (number 5) that failed 
to be recorded in all but the deepest imprints. Digits slender with rounded 
extremities, numbers 2 and 4 subequal in length, much shorter than num- 


Figure 3.—Agialopous wyomingensis 
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ber 3 and markedly divaricate; lengths of digits from second to fifth, 23, 
48, 25, and 17 millimeters. Distinct phalangeal pads indicated but for- 
mula indeterminate. //ind foot digitigrade, without distinct heel ; foot 
about 95 millimeters long and 80 millimeters wide across tips of lateral 
toes. Digits moderately slender, tips rounded; lateral digits subequal, 
much shorter than middle digit, divaricate. Length of digits from num- 


bers 2 to 4, about 40, 65, 
and 37 millimeters; dis- TT 
tinct phalangeal pads; 
formula uncertain but ap- 
parently 3-4-3. 
Relationships. — The 
form here described is not 
readily placed in a classi- 
ficatory scheme if the 
commonly recognized 
family distinctions for 
fossil footprints are 
strictly adhered to. Most 
of the families are based 
not only on a similarity 
of foot structure, but on 
the mode of progression 
of the animal as well. 
The foot structure of the 
present form does not de- 
sai natticnlty es mat The diagram is of the right hind foot, slightly less 
of the Grallatoride or 
the Eubrontide. In 
both of these groups the species are typically bipedal, whereas the record 
of the present form indicates clearly that its common gait was quad- 
rupedal. Possibly a more complete record would show that Agialopous 
wyomingensis was bipedal on occasion and at such times had a somewhat 
different stride than here recorded. Of the two families mentioned, the 
smaller size and more delicate construction of the forms assigned to the 
Girallatoride seems best to fit the present record. From the genus 
Stenonyx of this group it differs in its much greater size and its more 
slender digits with blunted terminations. From the genus Grallator it 
differs chiefly in its blunt-tipped digits and more divaricate toes. 


Ficure 4.—Agialopous wyomingensis 
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So far as the writers can learn, only one other set of footprints from 
the western Triassic has been described, the impression of the right and 
left hind foot of a bipedal form from Lees’ Ferry, Arizona.’ This form, 
although larger and with a very different stride, seems to have had a hind 
foot similar to that of the form here described. 

Remarks.—Despite the fact that there were many tracks in the type 
locality, the cnly specimens on which to base the description of A gialopous 
wyomingensis are the two blocks mentioned above as the type material and 
some rough sketches and descriptions made in the field. The difficulty 
is that almost without exception the tracks are deep, irregular depressions 
that give no clue as to the foot structure. Of the entire lot of isolated 
tracks two were selected by N. H. Brown, the discoverer, as being of 
value. In addition the junior writer found an associated series showing 
larger and smaller depressions in alternate position with the smaller im- 
pressions about + inches to one side of the larger series. The size of 
these tracks corresponds well with fore feet and hind feet mentioned here 
as the type of the genus and species, and it is reasonably sure that they 
are of the same sort of animal, although the series is entirely lacking in 
detail. This series could not be transported but was recorded in the 
notes as representing impressions of forefoot and hind foot of one side 
of an animal, probably the left side, in normal progression. Assuming 
that this is a record of Agialopous wyomingensis, the length of stride 
is definitely recorded. The width of trackway is based on the assumption 
that the impressions are of the left side, that is, that the forefeet were 
well within the outer track rather than outside, and allowing for a rea- 
sonable distance between right and left forefeet. 

The material in which the impressions were made is an extremely 
fine grained, slightly caleareous sandstone. The surface was exposed 
and marked by fine sun cracks at the time the tracks were made. All of 
the impressions are deep but fail to show claw marks on any of the digits. 
The single fair impression of the forefoot can be interpreted reasonably 
as showing a small fifth digit normally failing to reach the ground. 

One of the interesting features of the record is the attitude of the epi- 
podials of the foreleg in normal progression. So nearly parallel to the 
surface was the forearm that the impression of its anterior end is con- 
tinued without break between it and the “heel.” 


7 Amer. Jour. Sci., vol. 17, 1904, pp. 423-424. 
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Cretaceous Recorps: Dakota ForMATION OF WESTERN WYOMING 
Dakotasaurus Branson and Mehl, new genus 


Generic characters—Foot small, tridactylate; toes short and broad, not 
divaricate; sole comparatively long. Stride and trackway unknown. 
Dakotasaurus browni Branson and Mehl, new species | 
(Plate 10, figure 5) 


T'ype.—Catalogue number 594 V. P., University of Missouri, a small 
slab with a single clear-cut impression of the right (?) forefoot. 

Type locality —Three miles south of Lander, Fremont County, Wyo- 
ming. 

Geologic occurrence.——Dakota formation, base of upper heavy sandstone 
member. 

Description.—Forefoot small, palmate, tridactyl, uniformly impressed. 
Length 37 millimeters, width 29 millimeters. Toes very short and 
broad, broadly rounded tips without claws; fingers subequal in length, 
about 10 millimeters long; heel broadly rounded posteriorly; sole undif- 
ferentiated and not sharply set off from base of toes. Stride and track- 
way unknown. 

Remarks.—This species has much in common with some of the species 
of Nanopus. Of this group it resembles the Pennsylvanian N. caudatus 
most closely, in that both have short wide fingers with broadly rounded 
tips. The striking characters of Nanopus as summarized by Gilmore ® 
include “three and four digits respectively on the manus and pes; parallel 
grouping of the two middle toes of the hind foot, which are subequal in 
length; forefoot placed in front of the hind foot; broadly rounded sole; 
and small size,” a combination of characters that requires a knowledge 
of both forefoot and hind foot. Possibly if the hind foot of the form 
here described were known, the similarity of the two genera would be 
more marked. In the form here described there is no suggestion of bi- 
lateral symmetry such as is seen in the feet of all of the species of Nano- 
pus. The sole is proportionately very much longer than in Nanopus. 
It is thought that its characters are sufficiently distinctive to justify 
reference to a new genus. 


8Smithsonian Mise. Coll., vol. 77, 1926, p. 11. 
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EXPLANATION OF PLATE 


PLATE 10.—Footprints from the Paleozoic and- Mesozoic of Missouri, Kansas, 
and Wyoming 


Figure 1.—Steganoposaurus belli Branson and Mehl; a short section of a slab 
(number 595 V. P., University of Missouri) showing impressions 
of right and left hind feet and the faint impression of the left 
forefoot (near upper end of slab), somewhat less than one-fourth 
natural size. 

Fictre 2.—Allopus littoralis Marsh; plaster mold of slab (number 593 V. P., 
University of Missouri) showing forefoot and hind foot of left 
side, somewhat less than half natural size. Photograph slightly 
retouched to emphasize outline. 

Figure 3.—Small slab (number 615 V. P., University of Missouri) showing 
foot impressions of Collettosaurus and Crucipes, slightly less than 
natural size; figure 3a, Collettosaurus missouriensis (Butts) ; fig- 
ure 3b, Crucipes parvus Butts. 

Figure 4.—Agialopous wyomingensis Branson and Mehl; natural mold of right 
hind foot impression (number 540 V. P., University of Missouri), 
somewhat less than half natural size. 

Ficure 5.—Dakotasaurus browni Branson and Mehl; impression of right fore- 
foot (number 594 V. P., University of Missouri), slightly less 
than natural size. 
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FOOTPRINTS FROM THE PALEOZOIC AND MESOZOIC OF MISSOURI, 
KANSAS AND WYOMING 


The specimen was found by Newton H. Brown of Lander, Wyoming, for whom 
the species is named. 
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SUMMARY 


The Highlands of the Black Forest in southern Germany exhibit a 
series of down-stepping benchlands with a sort of valley-in-valley group- 
ing, which the late Walther Penck explained as the work of ordinary ero- 
sion on a domelike mass of continually accelerated upheaval; and this ex- 
planation has been widely accepted by German physiographers. The prin- 
ciples which led Penck to this view are here first stated, then analyzed. 


* Manuscript received by the Secretary of the Society March 14, 19382. 
(399) 
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Several of them are shown to be erroneous. It is concluded that the Black 
Forest benchlands and valleys are better explained by erosion during inter- 
mittent upheaval, a kind of movement which Penck explicitly denied for 
the district he studied but which is ordinarily accepted by American 
physiographers for similar districts. Comments are added on the occur- 
rence of what Penck called Primiirriimpfe, on their relations to the cycle 
of erosion, on the difficulty of demonstrating their production and on the 
uncertainty of their occurrence. 


INTRODUCTION 

The considerable measure of attention and acceptance given in Ger- 
many to the late Walther Penck’s scheme for the explanation of what he 
called Piedmontflichen and treppe—here called piedmont benchlands— 
and his proposal that the scheme might be applied in elucidating the 
benchlands of the Appalachian Piedmont belt have led me to examine 
closely the explanation that he gave of benchlands origin. In doing so I 
have recalled my several meetings with the young geomorphologist, first 
when he was a lively boy in Vienna and later when he was a vigorous 
youth in the Alps, as well as my interested examination of his monograph 
on the Argentine Puna de Atacama? and of his posthumous treatise on 
“Morphological Analysis.” * THis untimely death in 1923, shortly after 
he had been appointed professor of geology at the University of Leipzig 
where his distinguished father, Albrecht Penck, had been a student many 
years before. was a great loss to science and was, more personally con- 
sidered, a misfortune in which all fathers who have lost sons must deeply 


sympathize. 
ymy BENCHLANDS OF THE BLACK Forest 


Young Penck’s most direct statement concerning Piedmontflichen and 
treppe is to be found in his essay on the southern slopes of the Black 
Forest.’ Its thesis is that a series of down-stepping terracelike benches 


t Der Siidrand der Puna de Atacama. Abhandl, Siichs. Akad. Wiss. Math.-Phys. K1., 
37, 1920. 

2 Die Morphologische Analyse. A. Penck’s Geogr. Abhandl., 1924. 

3 Die Piedmontfliichen des siidlichen Schwarzwaldes. Zft. Ges. f. Erdk., Berlin, 1925, 
pp. 82-108. The general principles of this problem are elaborately discussed with many 
others in the Morphologische Analyse, where the Harz, the Fichtelgebirge and certain 
other mountains of central Germany receive fuller description than the Schwarzwald. 
The chief allusion to the latter in his larger work associates it with the others under a 
general statement: “Close observation reveals the new and surprising fact that the 
heights and slopes of the German mountains are not overstretched by a single peneplain 
{the “Germanische Rumpfebene,” as it had been called by Braun] but that several similar 
peneplains are there repeated in steplike succession” (‘“Niihere Untersuchung ergibt die 
neue und iiberraschende Tatsache, dass nicht eine Rumpffliiche Hohe und Abdachungen 
der genannten Mittelgebirge iiberzieht, sondern dass sich hier mehrere, gleichartige 
Rumpfflichen stufenartig ubereinander wiederholen” 165:8). Most other references to 
this larger work are omitted here for the sake of brevity. 
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or downward-broadening valley-in-valley forms, here roughly illustrated 
in figure 1, will normally be eroded in a domed peneplain of continually 
accelerated upheaval and of continually increasing area. The occurrence 
of these forms, many of which are described in some detail in the latter 
pages of his essay, is here accepted without question, but the explanation 
proposed for them seems to me erroneous. Indeed, most American 
physiographers would, I believe, explain such features as the result of 
erosion during successive pauses in an intermittent upheaval, and this 
alternative explanation will be examined below. Penck explicitly rejects 


Wem 


FiGurE 1.—Conventional Diagram of Benchlands on a domelike Highland 


that view. His argument is based on certain general principles, the most 
important of which, mentioned below is sequence from 1 to 24, will be 
first presented in somewhat compressed form and then reviewed in detail. 
Additional numbers in parentheses, such as (92:3), refer to his pages and 
ninths of a page. His field study was begun in 1920 and was “far from 
being finished” when his death stopped it; hence only its chief results are 
reported (85:1). As his manuscript, which was written during painful 
illness and which he did not survive to read in proof, was of condensed 
form, occasional explanatory words and phrases are here inserted, most 
of them in brackets, in order to bring out a fuller meaning. His account 
of the development of terraced valleys will be first examined; then will 
follow the development of piedmont benchlands. 


W. PENcK’s PRINCIPLES OF STREAM-NICK PRODUCTION 


1 (88:8). The faster a stream cuts down its valley, the steeper will be 
the valley sides. If the stream’s erosive power is progressively increased, 
its valley sides will steepen from top to bottom; that is, will have convex 
slopes. If the erosive power is decreased, the side slopes will become con- 
cave. [The reduction of erosive power here considered may be determined 
hy other controls than a lessening in the rate of upheaval, as will be 
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shown below.] 2 (88:9). When valley deepening ceases, the degrada- 
tional retreat of the valley side goes on parallel to itself and leaves a sur- 
face of less declivity [a valley floor] below it as it withdraws. [It ap- 
pears to be tacitly assumed here and in the next statement that the 
stream is eroding a rock mass of essentially uniform resistance.] 3(89:3). 
A valley which was first deepened somewhat rapidly while its stream 
Was increasing in erosive power and later deepened more slowly while 
the stream’s erosive power was decreasing, will have its side-slopes con- 
vex above and concave below. Hence every convex valley-side slope means 
an increase of erosive power, and every concave slope a decrease. 4(89:1), 
A stream’s erosive power depends, for a given volume, wholly on its gra- 
dient. [Detrital load is here tacitly implied to be constant.] A stream 
will in time develop a graded course, which is the steeper the smaller the 
stream, and along which the down-cutting is exactly as much as the rise 
of the land mass. 5(89:5). But if upheaval is accelerated, the graded 
stretches are disturbed; for during a time-unit in such acceleration the 
gradient [of the previously graded stream] will be more steepened than 
it can be cut down; and at the same time the erosive power is temporarily 
increased by increase of gradient. 6(89:6). Under otherwise equal con- 
ditions, convex valley-side profiles therefore indicate acceleration of up- 
heaval [Beschleunigung der Hebung]. 7(89:7). The lower course 
of the river, having a larger volume and therefore also a greater erosive 
power than the upper course, will be the first to be able to overcome the 
increase of its gradient due to accelerated upheaval. 8(89:7). Hence, 
as upheaval becomes faster, the larger lower course cuts down faster than 
before, but the weaker upper course does not. Thus a convex nick is 
formed in the river profile [at some unspecified point] separating an upper 
and a lower segment of its graded course (“Wird also die Hebung . . . 
von nun an rascher, so erodiert zwar von nun an der wasserreiche Unter- 
lauf sofort um mehr in der Zeiteinheit in die Tiefe als vorher, nicht aber 
der schwichere Oberlauf. Es bildet sich im Langsprofil ein konvexer 
Knick”). 

9(89:8). The top of this nick, retrogressively eroded [by the locally 
steep-pitching stream], serves as a local baselevel for the upper segment 
of the graded course, which is therefore no longer controlled by the more 
general baselevel at the margin of the [expanding] dome. Moreover, the 
local baselevel is, while working upstream, raised with the rise of the 
dome and therefore rises in relation to the upper segment of the graded 
course. Hence there the erosive power of the upper stream is weakened, 
and concave basal side-slopes are developed below the higher convex 
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slopes. [In the meantime, the lower segment below the nick continues 
to deepen its valley and to maintain its course at grade in the margin of 
the rising dome.] 10(90:1). Continued acceleration of upheaval causes 
the production of a series of nicks, all working headward, in the stream 
profile (“Fortgesetzte Beschleunigung der Hebung lisst in Lingsprofil 
der Gerinne einen konvexen Knick nach dem anderen entstehen, alle wan- 
dern talauf”). [The stream is thus divided into many graded segments. ] 
Next below each nick is a narrow valley with steep fall along its stream- 
line and convex side-slopes; farther downstream is the deepening and 
widening valley of a graded lower segment. Upstream from a nick is a 
widening floor [of an upper graded segment] with concave [basal] side- 
slopes. 11(90:3). Such is the type of the valleys in the Black Forest, 
especially those of its eastern slope. 12(90:5). In view of such valleys 
there is not the slightest doubt that the Black Forest is a land-mass of 
accelerated upheaval (“lebhafter werdender Aufwiirtsbewegung”; see 
also, 99:38, the land-mass is “stetig, nicht ruckweise, unter stetiger 
Zunahme der Hebungsintensitiit gestiegen”). 


W. PENCK’s PRINCIPLES OF BENCHLAND PRODUCTION 


An account of the development of marginal benches follows. 13(90:6). 
If a land-mass (Scholle) of low relief suffers a slow, domelike upheaval, 
all its streams will be impelled to gentle erosion, and the shallow valleys 
that they then excavate will have faint side slopes. 14(90:7). The ini- 
tial surface being a Rumpffliche of low relief with streams of faint fall 
[that is, a peneplain of prolonged pre-upheaval degradation], it will, 
after its streams have excavated their shallow valleys, become a Primiir- 
rumpf [that is, a peneplain which belongs in the beginning of the new 
cycle introduced by slow upheaval, in contrast to the Endriimpf or nor- 
mal peneplain belonging at the end of the preceding cycle.]  15(90:9). 
The remains of the uplifted peneplain will be seen in its central up- 
heaved area between its radial valleys. 16(91:1-3). The Black Forest 
does not however show only one peneplain (Rumpffliche) with the steep- 
est inclination in its remnants around the margin of the dome, but many 
outslanting and down-stepping benches (Verebnungsflichen) which have 
less and less outward slant-the nearer they are to the dome margin and 
the lower they lie. 17(91:3; also 90:8). An expanding dome of acceler- 
ated upheaval suffers, in each time-unit, the greatest rise at its crest and 
the least rise around its outer border. Hence its slowly rising border 
will be degraded to a surface of low relief, a Piedmontflache; and at the 
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same time the central part of the risiyg dome will be transformed into a 
dissected upland. 

18(91:6). As the expanding domelike upheaval becomes more rapid 
and embraces a larger area, the first-formed marginal Piedmontfliche is 
uplifted [at an unspecified time, thus becoming a benchland] and dis- 
sected, while a newer one is developed outside of and below it. 19(91:7). 
The successively formed Piedmontflichen or benchlands will be separated 
from each other and from surviving parts of the central highland by step- 
like convexo-concave slopes of moderate height. 20(91:7). The steplike 
succession of benchlands does not indicate in the least that the upheaval 
proceeds intermittently, but that it is continually accelerated. 21(91:8). 
Each bench serves as a local baselevel with respect to which the next 
higher bench and eventually the central highlands are retrogressively dis- 
sected and consumed. Residuals of an upper bench may stand forth on 
the next lower one like Inselberge, unrelated to rock structure. 22(93:1). 
Each marginal bench advances into the highland along one of the broad- 
ened and gently ascending valley floors above described. 23(93:1-3). A 
bench can not be safely identified by its altitude [because it rises in- 
ward] * or from maps [which do not show minute forms]. Every.bench 
surface is limited between a concave slope which ascends to the next higher 
bench and a convex slope which descends to the next lower one. 24(95: 
8-9). The benchlands are everywhere developed without the slightest re- 
gard to rock structure. They traverse indifferently various crystalline 
and stratified formations, as well as zones of local deformation. 


GENERAL COMMENTS ON THE FOREGOING PRINCIPLES 


In looking over the foregoing statements of principles one must be 
struck, in the first place, with their highly deductive character; for, un- 
like certain other German physiographers who have decried the use of 
deduction while themselves unconsciously or unintentionally using it, 
Walther Penck was an avowed advocate of the careful use of this essen- 
tial mental process.* One must notice, in the second place, a striking 
contrast between the extreme simplicity of certain principles, hardly 
more than truisms, which are nevertheless deemed worthy of announce- 
ment—for example, numbers 4, 7, 13—and several others which are of a 


‘This is a caution to which American students of piedmont benchlands may well give 
heed. 

5 Morphologische Analyse, pp. 8-9. This work is the most elaborate application of the 
deductive method to physiographic problems that has yet appeared; and in some of its 
pages it seems unnecessarily elaborate. 
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much more elaborate nature—for example, numbers 2, 8, 10, 12, 18, 20— 
and which are so far from being truisms that some of them are very hazard- 
ous, if not altogether incorrect, as will appear below. 


AN EXPANDING DOME OF ACCELERATED UPHEAVAL 


In order to account for observed facts of form W. Penck has inferred, as 
above stated, that the Black Forest was formerly a peneplain which has 
been given the potential form of an expanding dome (Gewdlbe) by an 
accelerated upheaval (90:8, 91:3), in contrast to a broad fold (Gross- 
falte) which either does not expand or which actually loses area while it 
is compressively up-arched (90:8). In his cross-section of the potential 
dome (figure 6, page 91), here imitated in the upper inset of figure 2, 


FiGurRE 2.—Profile of an expanding Dome with a basal Angle 


it is represented as steepening toward the margin and there making a well- 
defined angle with the adjacent, not-yet-affected lower land. But such an 
angle is inconsistent with the verbal specification that the upheaval in each 
time unit is greatest over the dome crest and decreases toward the margin 
where it is zero (91:3); for, if his dome profile is a characteristic one, 
it would seem to involve a pronounced marginal wnbending of one angle, 
ACM, figure 2, and wpbending of the next one, STM, in the change from 
an earlier profile to a later one; and in such case the maximum of uplift, 
CE might be at the unbent angle, (’, instead of at the dome center. 


VARIOUS CONCEPTS REGARDING CRUSTAL UPHEAVALS 


In order to perceive the place that Penck’s deductive scheme of up- 
heaval for the production of piedmont benchlands occupies in the general 
study of land forms, figure 3 may be introduced. Here the base line rep- 
resents the passage of time from left to right; the short and heavy vertical 
lines indicate the general relief of selected land areas when their upheaval 
begins. The light and, for the most part, inclined lines show the rate 
of upheaval ; while the broken and the dotted lines indicate the changing 
altitudes of main divides and main streams as controlled by upheaval 
and erosion. Thus the light vertical line A represents the essentially 
instantaneous upheaval of a land mass of moderate relief, on which no 
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change of form takes place during upheaval; all sequential erosion is 
here done after upheaval ceases. This is clearly an impossible case, except 
for small movements as in earthquakes; but it may be temporarily con- 
sidered to advantage as a hypothetical case in elementary presentation. 
In a strongly contrasted case the nearly horizontal line AC’ represents an 
upheaval of a smooth surface, such as a sea-floor, emerging at so slow a 
rate that its rise is counterbalanced by degradation and the rising mass 
always remains a featureless lowland. Such an upheaval may, if desired, 
be assumed to involve any measure of deformation, provided that the 
parts of greatest potential uplift are worn down as fast as they rise, as 
will be further considered below in the discussion of Primiirriimpfe. 

Very slow and long-continued upheaval of this kind is, so far as I know, 
almost as improbable as exceedingly rapid or practically instantaneous 
upheaval, It may, however, conceivably occur during a certain period of 
time—who can say how long?—in an exceptionally quiet region like 
eastern Canada, or for very short periods of time in an exceptionally 
active region like southern California or parts of the Malay Archipelago. 
The rate and amount of upheaval given to a land-mass will of course 
determine the measure of relief that may be developed upon it by sequen- 
tial erosion ; but, as Powell long ago noted, the time required for the ulti- 
mate degradation of an actively upheaved mass is by no means propor- 
tional to the height of its upheaval; for in both low and high upheavals 
most of the time demanded for their degradation is spent after their soon- 
reached maturity. Sdlch is one of the few who employs a special name, 
pseudo-peneplain (Trugrumpf), for the worn-down surface of a low 
upheaval :° but such a surface is just as truly a peneplain as if it had been 
worn down from a lofty mountainous highland. A peneplain is simply 
the penultimate form produced by degradation of any upheaved Jand- 
mass, Whether its upheaval be great or small. 

A few other of many possible cases are represented in figure 3 by 
slanting lines. Line B indicates upheaval of a surface of moderate relief 
at a uniform rate, suddenly started and as suddenly stopped: it will be 
accompanied and for a long time followed by an erosional increase of 
relief. Another case is shown by line D, in which an upheaval begins 
slowly, is accelerated to a fairly rapid rate and then ends about as slowly 


® J. Séich: Eine Frage der Talbildung. Penck-Festband, Stuttgart, 1918, pp. 66-92. 
The Trugrumpf is very briefly considered, p. 84. Further attention is given to it in 
Silch's Stockholm paper, p. 173, cited below, where it is made the equivalent, p. 183, of 
W. Penck’s Primiirrumpf. This seems to me an error because a Trugrumpf may or 
should be worn down most after its small upheaval is completed, while a Primiirrumpf 


is worn down during its upheaval. 


4 
4 
| 
. 


VARIOUS CONCEPTS REGARDING CRUSTAL UPHEAVALS 407 


as it began. This may be of common occurrence, but it would be difficult 
to determine just how a theoretical line of upheaval should be shaped in 
order to correspond to the actual upheaval of any particular region: for 
example, to that of the plateau through which the Colorado has cut its 
profound canyon. Presumably a still more common occurrence is shown 
by such a curve as /, in which a total upheaval of a considerable measure 
has been complicated by many impulses and pauses. Here again, the 
establishment of such a curve for any particular region—for example, 
the Central Plateau of France—would be extremely difficult. Moreover, 
both the lines D and # should expectably have different patterns for differ- 


FIGURE 3.—Varying Rates of Upheaval with associated Erosion 


ent parts of an upheaved region ; for upheaval can seldom be uniform over 
large areas. Graphic representation of upheaval accompanied by pro- 
nounced deformation and erosion might perhaps be made, if desired, in a 
more complicated diagram. 


THe HyporuHeEsis OF ACCELERATED UPHEAVAL 


The particular kind of upheaval inferred by Walter Penck for the 
Black Forest is represented in the first half of a double curve like D, 
figure 3. He apparently did not consider a following retarded upheaval, 
represented by the second half of the curve. He gave, as far as I know, 
closer deductive attention than any one else has given to this special 
case of accelerated upheaval; especially, as in his study of the Black 
Forest, to the continually accelerated upheaval of a dome; and he added 
to that concept the similarly accelerated areal expansion of the dome 
during its upheaval. But such upheaval is simply one of the innumerable 
kinds of upheavals that a land-mass may suffer. No new principle of 
importance was developed in his discussion; indeed, the chief novelty of 
his Black Forest essay and of the corresponding parts of. his “Morphol- 
ogical Analysis” is the inference, which is here held to be erroneous, that 
a continuous upheaval will cause the erosion of down-stepping benchlands. 
The many possible kinds of intermittent upheaval, typified in curve E£, 
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figure 3, are dismissed from his Black Forest study by the assertion that 
they are not in the least applicable to that region; his statement on this 
point being that the down-stepping piedmont benchlands and the slopes 
between them do not indicate in the least that the upheaval progresses 
intermittently (“Diese Abfalle und iiberhaupt stufenférmig tibereinander 
angeordnete Piedmontflichen bedeuten nicht im geringsten, dass die He- 
bung ruckweise vor sich geht.” 91:8). 

Penck’s Black Forest problem of erosion during accelerated uplift is 
therefore simply a special case under the comprehensive scheme commonly 
known in America as the “cycle of erosion,” a term which may be mis- 
understood if translated into German as “Erosionszyclus,” because “Ero- 
sion,” as a German word, is usually restricted to stream erosion or corra- 
sion and does not include degradation or “Abtragung.” Nevertheless, so 
competent and eminent a writer as von Richthofen used the expression, 
“Erosionsgebirge,” for forms which are much more the work of subaerial 
degradation than of stream erosion. Hence the expression, “Erosionszy- 
clus,” also may be used, provided it is understood to include “Abtra- 
gung.” 

DoUBLE-CURVED SIDE-SLOPES OF VALLEYS 

The above 24 statements concerning the action of erosion and degrada- 
tion on a low mass that is suffering accelerated, domelike upheaval may 
now be examined. The first, concerning the control of valley-side slope 
by the rate of valley, deepening, calls for no comment. The second 
teaches that a valley-side slope retreats parallel to itself as the valley 
widens on either side of the stream floodplain ; the land-mass being tacitly 
assumed to be of essentially uniform resistance to erosion, and the widen- 
ing being chiefly caused not by the lateral swinging of its steam on the 
floodplain but by general degradation. This statement seems to be erro- 
neous as far as “parallel retreat” is concerned, for the retreat of a valley 
side isusually accompanied by a decrease in the steepness of its slopeas well 
as by the development of a convex profile at its top and a concave profile at 
its base, whatever its original cross profile may have been. This is largely 
because a shoulder, as shown in the first right profile of figure 4, either 
angular or sharply rounded, at the top of a valley side yields more 
rapidly to the attack of weathering and creeping on its two faces than 
do the more nearly plane surfaces adjoining the shoulder; and at the 
same time the coarser detritus supplied by the steeper part of the slope 
and delivered to its base demands a stronger declivity there for ifs further 
downhill carriage by wash and creep than the same detritus will require 
when it has been reduced to finer texture as it advances, Hence even a 
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square-shouldered top edge of a valley side—the result of rapid erosion 
induced by rapid upheaval—may soon wear back into a round-shouldered 
top, as in the right half of figure 4; and the thus developed round shoulder 
of short are and rapid curvature will in later time change into a longer arc 
of gentler curvature. The concave basal curve is likewise enlarged as it 
retreats. 

It thus appears that the convex top curve in a valley-side profile is not 
necessarily the result of increasing erosive power in the valley-eroding 
stream in consequence of accelerated upheaval or other cause, as Penck 
asserts it to be in statement 3; but the concave basal curve is commonly 
in part the result of decreased erosive power. The error in the principle 


FIGURE 4.—Profiles of a widening Valley 


of parallel retreat may be made clearer by considering an extreme case, 
as follows: If a double-curved valley-side slope should retreat parallel 
to itself, the penultimate hills of a peneplain would have sharp summits 
where two retreating concave slopes intersect—Penck’s “Schnittpunkt”— 
as shown by the shaded profile on the left side of figure 4; and this may 
have been Penck’s view of the case, for in profile B, figure 16, page 176, 
of his “Morphologische Analyse,” residuals surmounting a Piedmontfliche 
have sharp crests. True, sharp residual divides may be produced between 
side-stream heads in areas of sufficient relief; and they may be produced 
between retreating valley sides in regions of great rainfall, such as char- 
acterize certain parts of the torrid zone; but these special cases do not 
touch the case considered by Penck. The penultimate hills between well- 
retreated valley sides in a district like the Black Forest could not be 
sharp-crested unless they were held up by some locally resistant body of 
rock, such as the fossil colonies of molluscs which determine the “tepee 
buttes” of the Colorado plains, as described by Gilbert and Gulliver.’ 


7G. K. Gilbert and F. P. Gulliver: Tepee Buttes. Bull. Geol. Soc. Amer., Vol. 6, 1895, 
pp. 383-342. The buttes are 100 feet in height, more or less, and are maintained by cores 
of limestone, 10 or 15 feet in diameter, composed of fossil molluscs, in weak shales. 
They surmount part of the peneplain of the Great Plains north of Arkansas River, not 
far east of the Rocky Mountains. ‘In places they [butte cores] are so thickly set that 
hundreds of the resulting buttes may be seen from one point; elsewhere they are solitary 
or in groups of two or three.” 
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Ordinarily, penultimate hills are low, gentle, convex swells, as indicated 
by the shaded profile in the right side of figure 4, and as better shown 
in figure 8. 

However, a nearly parallel retreat of side slopes may take place in cer- 
tain cases; for example, in a plateau of weak, level strata capped with a 
sheet of resistant basalt; but here the slope should decrease slowly in a 
late stage of its retreat, when the area of an isolated, basalt-capped mesa 
becomes so small that its talus is more and more thinly spread upon the 
weak-strata slope below it. After the cap and its talus disappear the 
vanishing hill of weak strata will for a brief time have a sharp summit, 
but it will soon be worn down to a much gentler slope with a rounded 
top. Again, in a granitic mountain region of arid climate, boulder coy- 
ered slopes may retain, according to Lawson and Bryan, a nearly uniform 
declivity as the larger mountain masses diminish to Inselberg forms. 

It follows from the second and third preceding paragraphs that the 
convex upper side-slopes of a well-opened valley can not be legitimately 
interpreted as recording downward erosion at an accelerated rate, as is 
assumed to be the case for the Black Forest, unless independent evidence 
demands that interpretation. This is a matter of importance in Penck’s 
work, for the main object of his treatise on “Morphological Analysis,” 
indeed, the very definite meaning which he gave to that title-phrase, was 
not the study of land forms for themselves, but the use of land forms 
in determining the nature of the crustal movements by which their sculp- 
ture has been conditioned.» Convex valley-side slopes can not be safely 
used in that way because the same kind of convexity may result from dif- 
ferent kinds of crustal upheavals. 


DEVELOPMENT OF STREAM PROFILES 


Statements 4 to 7 bear upon the development of graded courses by the 
radial streams of a rising dome, and they imply that such courses are 
maintained by considerable parts of the streams during the initial up- 
heaval of the expanding Black Forest dome, where the rate of upheaval 
is assumed to have been slow. It must, however, be remembered that 
the nature of the dome’s upheaval is not known by direct observation ; 
its assumed slowness is simply a postulate of the hypothetical argument 
which follows. It should be remembered also that, instead of postulat- 
ing a movement which begins slowly and is then gradually and continu- 
ously accelerated, various other kinds of upheavals may be reasonably 
postulated; and most important of all, it must be remembered that no 


8 Morphologische Analyse, p. 5:7. 
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safe choice can be made among various possible kinds of upheavals until, 
after deducing their peculiar consequences, one kind of upheaval may 
be legitimately preferred over its alternates because its deduced con- 
sequences are confirmed by the observable, present-day facts, while the 
deduced consequences of other kinds of upheavals are contradicted. The 
alternative possibility of a more active upheaval, acting intermittently, 
will be considered on a later page. 

Statement 8 is of the highest significance in Penck’s scheme and must 
therefore be carefully examined. It asserts that as upheaval is accele- 
rated, the lower segment of a graded stream, but not the upper segment, 
will cut faster than before, and a break or convex angle in the stream 
profile (Gefillsbruch), which is called a nick (Knick), will be developed 
between the two segments. ‘This I believe to be wholly erroneous, for 
the following reasons. We may consider four stages of a stream profile 
eroded in a rising peneplain of uniformly resistant structure during a 
time of increasingly rapid and continually expanding, domelike up- 
heaval, such as is indicated, as far as the upheaval is concerned, by the 
first half of curve D, figure 3. The valley-eroding stream is one of a 
number of radial water courses which are assumed to head on the broad 
dome-crest and to flow down its slopes, as if in consequent fashion. 

Now in an actively upheaved dome, a young but well developed radial 
stream of this kind may be considered, as is well known, in three parts. 
First. the feeble headwaters, where the stream volume is small, the 
gradient weak, the flow almost smooth and the valley that the stream 
erodes is shallow and wide open, in spite of its being excavated in the 
most-uplifted part of the then-low dome.® This will be again considered 
in the discussion of statement 13. Second, the active medial course of 
fair volume, strongest initial gradient and good altitude; here the 
stream becomes a nongraded torrent by which a deep and_ steepest- 
sided part of the valley is eroded; hence here, by reason of rapid flow 
and in spite of medium water volume, the greatest amount of corra- 
sional work will be done along the stream course in each time-unit, and 
the greatest amount of degradational work will be done in the same time- 
unit along the valley sides. Third, the lower course where the volume 
is large enough to permit the stream or river to maintain a graded 
flow and to widen the‘valley floor by lateral erosion during uplift, but 


* Headwater streams exemplifying this principle first came to my attention during an 
excursion on the Central Plateau of France in the winter of 1898-99, where valley deep- 
ening by head-water action was slow compared to valley widening by weathering. The 
principle does not apply to upheaved fault blocks with potentially sharp crests and steep 
headwaters. 
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where upheaval is so small and where the land surface is therefore so 
low that no deep valley can be eroded. 

These three parts of dome streams are not to be conceived as sharply 
and abruptly separated. They merge into each other. The gradient 
of the headwaters gradually steepens as the stream passes along a con- 
vexity of its profile into the beginning of the medial torrent, where valley 
depth is actively increasing. Conversely, the lower end of the torrent 
gradually decreases its gradient and passes along a concavity of its pro- 
file into the graded lower course, where valley depth is smaller and 
smaller toward the stream mouth. 

If the dome be upheaved slowly instead of actively, the graded 
course will occupy a greater part of the stream length, and the greater 
erosional and degradational work will be accomplished along the graded 
valley instead of along the headwater torrent. This appears to be the 
case assumed by Penck for the Back Forest. So long as only an early 
stage of slow and expanding domelike upheaval, Profile D, figure 3, 
is considered, even the greatest depth of the valley must be small and 
the torrential habit of flow will be weakly developed in a short upper 
part of the stream. Indeed, the graded lower course may at a still 
earlier stage of still slower upheaval occupy all or nearly all the length 
of the radial stream; and in the next following stage of faintly accel- 
erated but still slow and low upheaval, when the stream can not grade 
its whole length, the ungraded upper part will be torrential only on a 
microscopic scale. 

But in a later stage when central upheaval has become much more 
active, the torrent should be strongly developed and should have gained 
a considerable length, not only because the dome has more actively risen 
to greater height but also because the torrent has encroached retro- 
gressively upon and obliterated the feeble headwaters and progressively 
upon the graded lower course, as further explained below. In view of 
the difference of some 600 meters that is now found between the altitude 
of the highest surviving part of the dome-center in the Black Forest 
and that of its marginal valley floors, and in view of the dome’s having 
a radius of from 30 to 40 kilometers, well-developed torrents should 
be there developed between little deepened headwaters and well graded 
lower courses on all the radial streams, if the uplift of the expanding 
dome has been continuous; all the more so if it has been continuously 
accelerated. But if even the accelerated upheaval is still slow, the 
greater part of the streams may be graded; and in such case the torren- 
tial and the headwater parts will still be relatively short. It is now 
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our problem to consider all parts of such a stream, in order to discover 
whether and where a nick can be developed in its profile, as asserted 
in Penck’s statement 8. 


GRADUAL PASSAGE OF TORRENT INTO GRADED LOWER COURSE 


During these changes a gradual obliteration of the feeble headwaters 
will take place until at an advanced stage of upheaval the torrent head 
reaches the center of the dome crest and develops a sharp divide there, 
downstream from which the steepened torrent has a minutely irregular 
but almost continually concave profile. There is no possibility of nick- 
production in this part of the stream, except where a resistant rock mass 
is followed by a weaker rock mass; and that case is excluded from the 
Black Forest. 

The progressive encroachment of the torrent on the graded lower 
course—in other words, the progressive downstream migration of the 
head of navigation—during accelerated upheaval must be next examined. 
It is true, as implied in the last sentence of statement 6, that accelera- 
tion of upheaval would tend to steepen the gradient of a stream’s lower 
course, and that its erosive power would tend to be increased; but at the 
stage of valley development considered in Penck’s statements 6, 7, and 8 
there is nothing new in this offering of added power. Precisely such an 
offering has been made continuously and increasingly ever since the up- 
heaving forces began to act. The disposition of the added power is, how- 
ever, an interesting matter. The graded lower part of the stream at once 
expends, in maintaining its graded flow, all the added power that is 
offered to it. Although the upheaving forces wish to upheave the stream, 
it does not wish to be upheaved and it has power enough to satisfy its 
wish. As it thus expends what it receives, it becomes no more power- 
ful than it was before. 

The torrent expends a good part of its receipts, especially in its lower 
part, but it is not able immediately to expend all; that is, it is actually 
lifted to greater altitude because its downcutting is less than its up- 
heaval; and as far as its receipts of power remain unexpended they may 
be said to be stored up as potential power to be expended later. Here 
small variations of profile, causing low cascades and lower riffles between 
sluggish pools, will be abundantly produced as the actively corroding 
stream searches out every minute difference in bedrock resistance; but 
in a rock-mass of nearly uniform structure, none of these little irregulari- 
ties can become nicks of importance. It must be here remembered that, 
during the progress of upheaval, the graded lower course, which included 
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practically all the stream’s length at first, has been gradually encroached 
upon by the torrent; and it would thus be reduced to less and less length 
except for a continual gain of length by dome expansion. As to the weak 
headwaters, as long as they are not replaced by the retrogressive torrent, 
they are able to expend little of the power offered by progressive up- 
heaval; they store up nearly all of it. 

Penck does not adopt this simple scheme of stream development, but 
insists on the production of nicks in the graded lower course of the 
streams. It almost seems as if he had believed that, while acceleration 
of upheaval is continuous, increase of stream erosive power is intermit- 
tent: and that nicks must be produced in the graded stream profile for 
that reason. This conclusion seems to me invalid, No nick can be pro- 
duced under the postulated condition of accelerated upheaval (“lebhafter 
werdener Aufwirtsbewegung,” 90:5). The torrent must always, merge 
into the graded course, and the graded course must maintain its even 
profile, except in so much of its uppermost part as it slowly cedes to the 
torrent. This is inevitable if the upheaval is continuously, not intermit- 
tently, accelerated because, in addition to the stream’s being thereby 
offered more erosive power in each successive time-unit, it is at the same 
time given more work to do; and as the work added in each successive 
unit is greater than that added in the preceding unit, the graded course 
can be maintained as successive time-units only by the more and more 
powerful part of the river; that is, by that downstream part where the 
river is larger and larger. But in that part of the course a graded profile 
must be maintained. It is impossible to produce a nick there. 

Unfortunately Penck does not make at all clear the manner in which 
nicks are produced in graded river profiles during persistently accelerated 
upheaval. He first announces in statement 6 that such upheaval will, at 
an unspecified time, raise a graded river faster than it can cut down. 
This might be true if the upheaval were suddenly accelerated, but that 
possibility is explicitly excluded. Surely. a gradually accelerated up- 
heaval can not raise a graded stream more than the stream can cut down, 
for statement 4 has already said that the down-cutting of such a stream 
is exactly as much the rise of its land-mass; but exception must be made 
of the uppermost part which is ceded to the torrent, as explained above. 
Statement 7 tells us that the lower course, being larger than the upper 
course, is able to overcome the steepening of gradient due to accele- 
rated upheaval; but in thus admitting a temporary steepening, this 
statement makes the same error as that of the statement 6. It leaves. 
moreover, wholly unspecified the point where the separation of the com- 
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petent and the incompetent parts of the stream is to be found. The 
separation should be, as I see it, located at the lower end of the slightly 
lengthened torrent; it is implied by Penck to lie somewhere in the lower 
graded course. Finally, statement 8 asserts, in effect, that because of 
being momentarily raised faster than before a lower segment of the 
large-volume, lower course will cut down faster and more than before, 
thus producing a nick at some unspecified part of its length by which the 
lower segment is thereafter separated from the upper segment. 

No special condition of time or place is specified in explanation of this 
curious result; but the production of a nick is confidently asserted. 
Such nick production seems to me quite impossible; and I must there- 
fore conclude that under the postulated condition of continuously accele- 
rated upheaval, the lower stream course can not be divided into two seg- 
ments by a nick, as is implied in statement 8; also that no graded upper 
segment can be withdrawn from its relation to the general baselevel of 
the graded lower segment, in such a manner as to be raised with the rise 
of the dome, and develop its own valley segment with respect to the nick- 
top as a local baselevel, independent of the lower segment, as is said in 
statement 9. 

It may be noted that the increase of load delivered to the graded lower 
course of a stream from the steepened and deepened valley of its torrential 
segment in a rising dome will tend to give the graded course a slightly 
steeper gradient than it had before; but the increase of river volume due 
to increase of rainfall on the rising dome may more than counterbalance 
the effects of increased load. It may be further noted that, in an ex- 
panding dome, the graded lower course of a river may, as_ briefly 
intimated above, gain new length by downstream additions to its 


’ Priem, who has accepted Penck’s ideas on this subject and published an outline of 
them, seems nevertheless to recognize that a continuously accelerated upheaval can not 
produce discontinuous or nicked valley profiles. He therefore modifies Penck’s statement 
of the case by assuming that the process of upheaval is continuous while the intensity 
of the upheaval increases irregularly, so that times of uniform and of more active 
upheaval alternated during the production of down-stepping benches like those of the 
Black Forest. This :aodification of Penck’s views, which might well be extended to 
include distinctly intermittent upheavals, is little less than a correction of Penck’s error, 
although it is not so presented. (Ueber die Merkmale und Entwicklungsgang der 
Piedmonttreppe. Geogr. Anzeiger, 1927, pp. 373-381; see 377 : 7.) 

On the other hand, Sélch has explicitly dissented from Penck’s view of the problem 
and adopted the idea of intermittent upheaval instead: (Grundfragen der Landformung 
in den nordéstlichen Alpen. Geografiska Annaler, Stockholm, 1922, H. 2, 147-193). 

Ampferer has adopted intermittent upheaval in explanation of valley-in-valley forms in 
the Alps, but without expressing dissent from Penck. (Ueber einige Beziehungen zwischen 
Tektonik und Morphologie. Zft. f. Geomorph., Vol. 1, 1926, pp. 88-104.) Other sup- 
porters of this view might doubtless be found by a more thorough review of the literature 
than I have been able to make. 
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course; and these additions may more than compensate the continued 
loss of minute upstream segments to the torrent. 

Let it be said again that all the above-described changes in a river pro- 
file are gradual, like those represented in a differential equation, because 
they take place on a land mass that is suffering continuous upheaval. 
The production of convex nicks in a stream profile, especially in the 
graded lower course, demands other condition. Among these may be 
specified, as most important, a relatively quick regional upheaval, follow- 
ing a still-stand pause; and this condition will be examined on a later 
page. Also, but less important, a deformational down-stepping flexure or 
fault transverse to the stream course; or a body of easily graded, weak 
rocks next down stream from nongraded resistant rocks; or a large mas- 
ter river which deepens its main valley, during the earlier stages of an 
erosion cycle, much faster than its small tributaries can deepen their 
branch valleys, except in their pitching courses close to the master river, 
so that nicks are formed at the pitch heads. But all of these nick- 
producing conditions are excluded from Penck’s discussion of the Black 
Forest. It may be noted in passing that nicks of the last-named class 
occur on an enormous scale in the small wet-weather tributaries of the 
Colorado River on the plateau over its canyon in northern Arizona. The 
nicks on the northern tributaries stand at present about 6,000 feet above 
and some 10 or 15 miles back from the river.1* It may be added that 
after nicks of any kind are fully produced they are, as a rule, slowly worn 
upstream and obliterated. 

In so nicely defined a combination of conditions as those adopted by 
Penck for the case of the Black Forest, the only part of the stream pro- 
files that can be convex—apart from little nicks in the torrents, where 
cascades flow out of pools—will be where the weak headwaters pass into 
the active torrent; and that convexity is not an angular nick but a 
gradual curve. 


NICKS ARE NOT PRODUCIBLE DURING CONTINUOUS UPHEAVAL 


If one convex nick can not be produced in the profile of a stream that 
is eroding its valley in an enlarging dome of continuously accelerated 
upheaval, all the less can a series of nicks be produced, as is said to be the 


11 This statement corrects an error in my paper on the Grand Canyon of some 30 years 
ago, in which I overlooked the high-standing graded courses of the tributaries on the 
northern plateau, upstream from the nicks, and took the pitching torrents in their steep 
descent below the nicks to have established accordant junctions with the master river. 
See: An excursion to the Grand Canyon of the Colorado. Bull. Mus. Comp. Zool. Harvard 
Coll., Vol. 38, 1901, pp. 107-201. 
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case in statement 10. Indeed, even if such nicks could be produced, it 
would be singular that a river, actuated by the continuous upheaval of a 
dome of some 600 meters altitude with a radius of about 30 kilometers, 
should produce only five or six nicks of rather strong fall instead of many 
of smaller fall. Still more singular would it be if a number of radial 
rivers on such a dome should each produce about the same number of 
nicks in correlatable sequence, without any aid from intermittent, dome- 
heaving impulses. In order to do so each river, after arbitrarily produc- 
ing its first nick at an unspecified time at an unspecified point in its 
graded lower course, would have to excavate its valley downstream from 
the nick to an unspecified depth until the production of a second nick, 
also unspecified as to time and place, caused the river to excavate another 
downstream segment of the graded lower course again to an unspecified 
depth; and during several repetitions of this arbitrary process, a num- 
ber of rivers must act accordantly, unguided by any wide-spread impulses 
of upheaval! 

There is nothing postulated in Penck’s argument which provokes the 
production of stream nicks at one time more than at any other; still less 
is there any control to bring about the concerted production of a series 
of correlated stream nicks in neighboring but independent valleys. Hence 
if the valleys of the Black Forest have a series of nicks in their stream 
profiles, as is said to be the case in statement 11, the nicks must, all the 
more if they are correlatable, have been produced under other conditions 
than those postulated by Penck; and much doubt is thus thrown on his 
statement 12, which insists on the continuously accelerated upheaval of 
the Black Forest mass. 


RapDIAL DRAINAGE OF A RISING DoME 


The remaining statements concern the degradation of smooth flats 
(Piedmontflichen) around the margin of the growing dome and their 
relation to the flat valley floors below the retreating nicks in the radial 
streams ; but certain of the matters here mentioned involve a detour from 
the discussion of the benchlands of the Black Forest. The first of these 
is met in statement 13, in which the drainage of a slowly rising dome is 
considered ; and as the drainage is described as radially arranged, the 
tacit assumption appears to have been made that the center of the dome 
coincides with a preexistent center of stream dispersion, which must have 
been developed while the pre-upheaval peneplain was wearing down dur- 
ing a long still-stand of the region. Otherwise, some of the preexistent 
streams would, when faint upheaval began, have held diametral or chord 
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courses, antecedent fashion, across the domed area; but no such trans- 
verse streams are found. All the streams appear to run outward from the 
dome center. 

The simplest means of securing the assumed coincidence of drainage 
center and dome center would be to make an earlier assumption to the 
effect that the present domelike upheaval had been preceded by a much 
earlier upheaval of the same kind in the same place, and that the two 
upheavals had been separated by a long period of rest. Then the streams 
that had become adjusted to radiating courses outward from the center 
of the first dome during its upheaval and dissection would—no dominant 
belts of weak structure being present on chordlike trends—retain such 
courses during the later degradation of the dome to a peneplain, and 
would thus be nicely prepared for running down the slopes of the second 
dome when the long still-stand in which the first dome was worn down 
came to be interrupted by a second and coincident upheaval. But the 
coincidence here suggested need not be precise. 

INFANTILE VALLEYS 

In consequence of the new, slowly beginning upheaval of the pene- 
plain, the faintly concave cross-profile A DC, figure 5, of one of its broad 
old radial valleys will be slightly modified by the shallow excavation of 
a very infantile valley 2GF in its floor, as announced in Penck’s statement 
13. With acceleration of upheaval, the shallow valley will be deepened 
and will gain more manifestly convex side slopes, RT'S; and while these 
changes advance a thicker and thicker shaving of rock waste will be washed 
from the residual swells of the peneplain, A and C, leaving the surface 
with a stonier soil than before but not significantly changing its shape. 


Ficure 5.—Profiles of Valleys eroded in a Peneplain suffering accelerated Upheaval 


In other words, the very shallow new valley EGF is a mere beginning of 
normal erosion in the slowly introduced new cycle. But as soon as such 
a valley is recognizable, its side-slopes must show delicately convex 
profiles of faint yet true waxing development, or “aufsteigender Entwick- 
lung” as Penck calls it, at H and F’, where they dip below the broadly con- 
cave surface of the previously degraded old valley floor on the peneplain ; 
and such convexity then increases with increase of upheaval and erosion, 
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THE PRIMARRUMPF 

It is to a slowly and slightly uplifted peneplain, which is therefore 
slightly modified in the infantile stage of the new cycle introduced by 
the slow uplift, that one meaning of Penck’s term, Primiirrumpf!, is ap- 
plied in his statement 14. This meaning was introduced to distinguish 
the infantile form developed in the new cycle from the senile form of the 
normal peneplain (Endrumpf) in the earlier cycle, from which the in- 
fantile form is derived. As the concept thus named frequently enters 
with much significance into Penck’s writings, further consideration may 
be given to it by prolonging the present detour from the discussion of the 
piedmont benchlands of the Black Forest. Here let note first be made 
of a second meaning of Primiirriimpf; namely, a surface of faint relief 
that is produced by the immediate and essentially complete degradation 
of a slowly rising and writhing crustal mass, such as was considered on 
an earlier page in connection with the line AC, figure 3. Such a plain 
of immediate and persistent degradation might, however, be better called 
a persistent plain (Beharrungsrumpf) or an enduring plain (Dauer- 
rumpf), because the ultimate or penultimate form of degradation is here 
not only immediately produced (Primiirrumpf) but is persistently main- 
tained on a rising land mass, without the necessity of running it through 
a long succession of young and mature forms before the old form is 
reached. 

A third meaning may be added: It applies to the central part of a 
large peneplain that is rapidly and evenly upheaved, within its peripheral 
belt of down-warped slopes, to any considerable altitude. In consequence 
of this centrally uniform upheaval, the old-age processes of peneplana- 
tion continue their action unchanged in the early stages of the new evcle 
of erosion introduced by the upheaval: hence the central peneplain suffers 
no significant change of form, except that it becomes an older and older 
peneplain, in spite of being now in the infantile stage of the new cycle 
instead of in the senile stage of the former cycle. So it continues until 
news of the upheaval is brought to it by the retrogressive erosion of peri- 
pheral streams; then it is more or less sharply dissected. At the trench- 
head of each retrogressively eroding stream there would be a nick of 
more or less pronounced angularity; but only one such nick would be 
produced on each stream in a plateau of continuous, non-intermittent 
upheaval. 

The nearest approach to an example of this kind that I have seen is a 
headwater area in the northwestern part of the Central Plateau of 
France, which was visited under the guidance of Professor Demangeon 
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during a “Geographical Pilgrimage” in the summer of 1911. The nearly 
level surface of the peneplain there stands at an altitude of more than 
800 meters; Meymac is its chief town. It is surmounted to the north by 
the rolling hills of well-subdued form known as the Plateau of Mille- 
vaches. Although the littlest streams still flow upon the peneplain, it is 
already sharply trenched not far away by the larger ones, of which the 
upper branches of the west-flowing Dordogne are the chief. 

A somewhat similar example, but less striking because its preuplift 
erosion was less advanced and its postuplift erosion is more advanced, has 
been described by Abbe*? in the northeastern extension of the Blue 
Ridge, known as Parrs Ridge, where it crosses Maryland west of Balti- 
more. There the marginal streams, known as “falls,” are torrential in 
their sharp-cut valleys all the way to their mouths, while their upland 
headwaters flow slowly through broadly open, meadowlike valleys at alti- 
tudes of 800 feet or more, between softly rounded swells, as if they had 
not yet had news of the upheaval their region has suffered. It is possible 
that much larger examples of the same kind are to be found around the 
margin of the interior peneplain of South Africa, across which I made 
rapid traverse in 1905.** 

It may not, however, be manifest that uniform upheaval of the kind just 
suggested should be regarded as introducing the central area of a pene- 
plain into a new cycle of erosion, because it involves, for a time at least, 
so small an amount of change in the processes that were previously at 
work. But inasmuch as it is generally agreed that all sorts of inclined 
upheavals, with more or less deformation, should be taken as introducing 
a new cycle, and inasmuch as uniform upheaval without deformation is 
only a special and unusual case of such upheavals in which tilting and 
deformation have zero value, it hardly seems worth while to make an 
exception from a general rule in favor of so unusual an occurrence. 
Similarly a uniform depression should be taken as introducing a new 
cycle, even though its chief novelty is seen in a reduction of the degrada- 
tional work to be done. 


122 Cleveland Abbe, Jr.: Physiography of Maryland. Maryland Weather Service, Vol. 1, 
1899, pp. 41-216; see p. 119. 

13 Geological observations in South Africa. Bull. Geol. Soc. Amer., Vol. 17, 1906, pp. 
377-480. There one sees “‘miles and miles of plains that repeat in nearly every respect 
the features of the ideal worn-down land surface. . . . The surface has broad swells 
of very faint convexity between broad depressions of equally faint concavity. 

The streams . . . flow in mere channels through the very shallow and very wide-open 
valleys appropriate to old age.” 


: 

a : 

2 
il 
d 

: 
tl 
4 : Pp 
W 

sl 

al 
ot 
a 
i 
ne 
st 


RARE OCUURKENCE OF PRIMARRUMPFE 421 


OccurrENCE OF PRIMARRUMPFE 


The two kinds of Primarriimpfe, the significance of which was first 
pointed out by Walther Penck, are easily enough conceived as abstract or 
transcendental possibilities, but it is only with difficulty that they can 
be shown to be of actual occurrence. So far as I have read, no existing, 
actual example of a normal peneplain (Endrumpf) now transformed 
into a Primarrumpf of the first kind in consequence of slight and slow 
upheaval has yet been discovered, still in its attitude and process of pro- 
duction. All supposed examples have been destroyed, after their imagined 
and evanescent existence, by further erosion in consequence of greater 
upheaval. 

Examples of former Primirriimpfe, now much more uplifted and dis- 
sected than when they were formed, are also difficult if not impossible to 
demonstrate. Nevertheless, certain German observers appear to be so 
persuaded not only of the possible but of the frequent past occurrence of 
these questionable forms that they look upon practically every high-stand- 
ing and dissected peneplain as having passed through an infantile stage 
during the earliest phases of its upheaval; that is, as having been de- 
veloped from a Primarrumpf of the first kind explained above, which 
in its turn was the offspring of a normal peneplain or Endrumpf; and 
in adopting this interpretation they make the gratuitous assumption that 
the beginning of the upheaval was extremely slow. 

There are at least two objections to this procedure. The first arises 
from the uncertainty of the fundamental postulate, on which the pro- 
duction of a Primarrumpf of the first kind depends; for it is by no means 
proved that every uplifted and dissected peneplain was so slowly and 
so uniformly raised when its upheaval began as then to suffer no active 
revival of erosion. Be it remembered here that convex profiles in the 
upper part of valley-side slopes give no sufficient demonstration of very 
slow initial upheaval. And even if upheaval of satisfactory slowness 
and uniformity had affected one part of a good-sized high-standing pene- 
plain, where some sort of evidence indicative of such upheaval could 
perhaps be found, the upheaval might not have similarly affected every 
other part. Indeed, it is almost inconceivable that so delicately graded 
a surface as a peneplain could be so uniformly upheaved by an altogether 
independent, crust-warping process, as nowhere to cause a contempora- 
neous and in places a fairly sharp dissection of its surface by revived 
streams. And when, even if such an equable beginning of upheaval 


4 This line of thought is pursued further in my paper on South Africa, above cited. 
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has possibly taken place, an early or fully mature stage of erosion is 
later reached in consequence of more active upheaval, the determination 
of the rate at which the upheaval began will be practically impossible. 

Moreover, if one observer found what he thought was a Primirrumpf 
in a certain locality, accompanied by what he accepted as good evidence 
of very slow initial uplift, it does not follow that all other observers would 
interpret the evidence in the same extraordinary way, especially if some 
of the first observer’s work elsewhere were untrustworthy. Hence, until 
a first observer's interpretation is confirmed by the independent work 
of several later observers, so remarkable a conclusion need not be re- 
garded as of compulsory acceptance by the vast number of other observers 
who have not visited the ground. And even if a well-certified case of 
this kind is eventually established, as I hope it may be for the enrich- 
ment of our science, it by no means follows that all other upheaved 
and dissected peneplains, the rate of whose initial upheaval is undeter- 
mined if not indeterminate, suffered equally slow initial upheaval. 
Surely, the little that is known of crustal movements does not compel 
us to believe that they all began slowly and acted uniformly! The 
little that is known might, indeed, lead us to suppose that a long period 
of increasing crustal strain would elapse before crustal resistance was 
overcome and a sudden movement initiated; and that thereafter, the ini- 
tial resistance having been once overcome, later accumulation of strain 
need not reach the same maximum before causing a second and smaller 
movement. But this subject is so recondite that it need not be pursued 
further here. 

A second objection to the habitual description of all upheaved and dis- 
sected peneplains as having passed through the Primirrumpf stage must 
be made, not because of doubt as to the possible verity of that stage, but 
because, even if it had been actually experienced, it is not so good a one 
from which to begin the description of visible forms in the current cycle 
of erosion as the old-age stage of the normal peneplain which necessarily 
preceded it; for it must be remembered that all Primiirriimpfe of the first 
kind are developed only from preexisting peneplains or Endriimpfe, which 
have suffered long-continued degradation during a prolonged still-stand 
of their land masses,’* and which are then upheaved so slowly that renewed 


% Priem overlooks this point in his statement when he says, without specifying the form 
of the surface, that ‘a Primérrumpf originates when a crustal movement is overeome by 
erosion and degradation” (Geogr. Anzeiger, 1927, 375:8): for not even the most eon: 
vinced supporters of the Primiérrumpf concept would advocate the prompt reduction of 
a mountainous region to a peneplain when it is disturbed by slow crustal upheaval. 
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degradation almost neutralizes upheaval. It is therefore the normally 
preexistent penultimate plain or peneplain, whose ultimate or complete 
planation was prevented by the upheaval which introduced the new cycle 
of erosion, from which all the sequential stages of the new cycle, includ- 
ing the possible Primirrumpf stage, are best treated as derivatives, be- 
cause it is their most manifest and best assured forerunner. If any form 
of the new cycle is taken instead of the antecedent Endrumpf as the most 
mentionable ancestor of today’s form, why not take the form of day- 
hefore-vesterday, or the form assumed when upheaval ceased, or any 
other arbitrarily selected form ? 

A third objection to the use of the term, Primarrumpf, may be based 
on the doubt whether it is worth while to give special names to the vari- 
ous infantile forms derivable from a peneplain during the earliest stage 
of its introduction into a new cycle of erosion. An infantile surface— 
that is, a Primirrumpf—as produced by the faint erosion of a slowly 
and slightly upheaved peneplain, is no more worthy of special designa- 
tion than a sharply but slightly trenched surface resulting from a more 
active but still slight upheaval of a peneplain. And either such form is 
no more deserving of particular designation than is a surface of strong 
relief which has reached maturity after its upheaval has ceased, and which 
then for a brief period of extremely slow new upheaval suffers a minute 
change of form, comparable to that by which a Primirrumpf differs from 
an Endrumpf. Yet consistency would demand that if the term, Primar- 
rumpf, is to be adopted for a very slightly modified peneplain, then some 
comparable term should be invented for a very slightly modified mature- 
land, and so on down the list. 


DIAGRAMS OF PRIMARRUMPFE AND OF ENpDRUMPFE 


A fourth objection may be directed, not to the idea of the Primarrumpf, 
but to the application of that term to well-dissected peneplains, as has 
been done by Priem.’® His profile of a Primirrumpf, here imitated in 
the upper profile of figure 6, has a vastly greater relief than is implied 
by Penck’s definition of such a form, as may be seen by throwing the 
profile into block-diagram form, as in figure 7. And the pronouncedly 
convex valley-side slopes of his diagram, which were apparently so drawn 
to illustrate the waxing development of the valleys in consequence of ac- 
celerated upheaval, are not characteristic of accelerated upheaval alone. 
They may also be found in the immature parts of a plain of weak strata, 
where it is dissected by small, insequently branching streams in conse- 


% Geogr. Anzeiger, 1927, pp. 373-381; see fig. 2. 
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quence of a uniform and fairly rapid upheaval that is still in operation or 
is but recently completed. Therefore, when such a form as that which 
Priem’s profile illustrates is found in nature, some discriminating evi- 
dence must be discovered before the rate of the plain’s upheaval can be 
inferred from its surface shape. 

Priem’s profile of a peneplain or Endrumpf, here imitated in the lower 
profile of figure 6, repeats in the residual hills the defect of over-steep 
slopes seen in the valleys of his profile of a Primarrumpf. (The same de- 


Ficure 6.—Priem’s Profiles of a Primaérrumpf and an Endrumpf 


fect is seen again in his figure 4.) Perhaps the sharp residual summits 
there shown are so drawn in order to illustrate Penck’s erroneous descrip- 
tion, quoted below, of a peneplain as having only concave slopes ; or per- 
haps the summits represent residual forms that are maintained by small 
resistant structures, to which reference is made in Priem’s text but not in 


FicurE 7.—Block Diagram of Priem’s Concept of a Primérrumpf 


the legend under his profile, and for which explanation has been noted 
above in the case of “tepee buttes.” 

In any case, one-line profiles are poor representations of land forms, 
particularly so in textbooks for students who, ignorant of the facts, have 
to build their concepts of them from these oversimple, not to say im- 
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poverished, diagrams. Yet Priem’s profiles are reproduced in connec- 
tion with an account of piedmont benchlands in the latest edition of 
Braun’s Physiogeographie.’* Such profiles should be replaced by block 
diagrams, samples of which are here offered in figures 7, 8 and 10. If 
sharp-featured residual buttes are included in the diagram of a pene- 
plain, they should be clearly distinguished from the broad intervalley 
swells, which so strikingly characterize a penultimate surface, and as 


=> 

GY 


Figure 8.—Block Diagram of a Peneplain surmounted by a Monadnock 


Za 


clearly associated with an efficient structural control, as in figure 8. No 
great artistic skill is required for the diagrammatic construction of such 
figures.1® Hettner’s objection to them, that they may implant an error 
in a student’s mind by reason of their vividness, is no sufficient ground 
for their exclusion. And if a reluctant author complains that he can 
not draw, he should be reminded of Kant’s dictum: “Thou canst draw 
because thou must.” 

In conclusion, Primarriimpfe of the first kind seem to me to have 
gained undue importance in recent German physiographic studies. If 
examples of such forms have been found, still in their low-standing, infan- 
tile stage, they are extremely rare. The supposed past occurrence of such 
forms, which have now suffered greater upheaval and stronger and more 
advanced erosion, is not yet fully demonstrated by several independent 
observers. And in any case, no adequate reason has been presented for 
regarding the central highlands of the Black Forest as having passed 
through this transcendental stage of development, although they are so 
treated by Penck. 


LONG-CONTINUED, SLOW UPHEAVALS ARE IMPROBABLE 


The occurrence of a Primirrumpf of the second sort is as difficult to 
prove as that of the first. As far as I have read, no visible form of this 
sort is demonstrably identified, still standing in the lowland attitude in 


17G. Braun. Grundziige der Physiogeographie. Leipzig, 1930, 2 v. See vol. 2, pp. 38, 
46, 47. 

Jt should be understood that the block diagrams of figures 7, 8 and 10 are not 
“drawings” or “pictures”; they are as artificially conventional as one-line profiles, and 
are superior to them merely because they represent three dimensions instead of only two. 
In figure 8 the concavity of the swales is not so clearly shown as the convexity of the 
swells. 
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which it was produced. Few if any former examples of the sort, now 
more rapidly upheaved and more deeply dissected, have been unani- 
mously certified by a number of independent observers. Moreover, the 
long continuation of extremely slow and equable upheaval is, geologically 
considered, highly improbable. On the other hand, the numerous ex- 
amples of former peneplains—to say nothing of surfaces of less advanced 
degradation—which are now undergoing deep dissection in consequence 
of strong upheaval at a rate much faster than that of their degradation, 
certainly afford good evidence of the frequent and wide-spread occurrence 
of active upheaval. 

It is interesting to contrast the incredulity as to long-continued slow 
upheavals, expressed in the preceding paragraph, with an opposite in- 
credulity expressed by Priem, who, while accepting the long-enduring slow 
upheaval demanded by a Primirrumpf of the second kind, thinks that 
the long-enduring crustal quiet demanded for the production of ordinary 
peneplains can not be of frequent occurrence, especially over the large 
areas often assumed for it.’* He would therefore perhaps be led to regard 
the peneplain, the production of which preceded the upheaval of the 
Black Forest dome, as a Primiirrumpf of the second kind above de- 
scribed. A general expression of opinions on this matter from many 
geologists, widely distributed over the world, would be profitable in this 
connection. The opinions would of course reveal preconceptions as to 
the nature of crustal movements. 

A German opinion in favor of the occurrence of a Primirrumpf of the 
questionable second kind is indicated by a citation of one by Braun in 
his above-named “Physiogeographie,” a text for students, without the least 
indication of the insufficient validity of its demonstration, and with a 
curious recommendation for its acceptance which seems to me altogether 
unwarranted; namely, that there is a saving of time in the production 
of such a Primiirrumpf as compared with the production of an ordinary 
peneplain by the normal degradation of a more rapidly upheaved mass 
of equal volume. That would mean that a large task could be all com- 
pleted by an extremely slow process in less time than if a large part 
of the task were done rapidly, a lesser part at a medium rate, and only 
the small remnant at an extremely slow rate; and this is manifestly 
incorrect. 

When actual examples of low-lying peneplains are studied 
ample, one described in the Sahara by Gautier *° where the wadies sprawl 


for ex- 


19 Geogr. Anzeiger, 1927, 376 :2. 
2°E. F. Gautier: The Ahaggar; heart of the Sahara. Geogr. Review, 16, 1926. 
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on a nearly level granitic plain, or a less perfect one described by Rice * 
in northern areas of the rainy Amazon basin, where extensive lowlands 
of schists and sandstones are drained by rivers interrupted by rapids— 
it would be well to inquire whether such surfaces are of Endrumpf origin, 
in that they have been gradually reduced to low relief after a fairly active 
upheaval of their regions, or of Primirrumpf origin of the first kind, in 
that they are slightly modified peneplains of earlier production, or of 
Primirrumpf origin of the second or Dauerrumpf kind, in that they have 
long been maintained at low relief during an excessively slow upheaval 
accompanied by deformation ; and in order to carry through Such an in- 
quiry it would be necessary, first, to deduce all the expectable characteris- 
tics of each kind of surface ; second, to select the unlike characteristics ; 
and third, to reexamine the field by “directed observation” in order to dis- 
cover which set of unlike characteristics is there present. Someone—was 
it Solch —has suggested that a Dauerrumpf should exhibit a less degree 
of adjustment of streams to weak structures than a normal Endrumpf 
would; but it may well happen that it is easier to devise tests of this 
kind at home than to apply them in a Saharan or an Amazonian wilder- 


LAND ForMS OF WAXING AND OF WANING DEVELOPMENT 


One of the consequences of the recognition of that highly specialized 
land form, the Primarrumpf, by W. Penck is his abandonment of the three 
terms, young, mature and old, as names for early, intermediate and late 
stages of a cycle of erosion, and their replacement by two terms, wax- 
ing and waning development (aufsteigende and absteigende Entwick- 
lung): the first term being applied to forms developed during upheaval 
of increasing rate and hence characterized by convex valley-side slopes; 
the second, during later upheaval of decreasing rate and hence character- 
ized by valley-side slopes which are, near their base at least, concave. 

The reasons for this change in terminology, as set forth in a review 
of his “Morphological Analysis” by his father, Albrecht Penck,?? are 
first, that the scheme of the cycle, as it had been previously developed, 
serves only for the special case of a land-mass that is rapidly upheaved,* 


21 A. Hamilton Rice: The Rio Branco, Uraricuera and Parima, Geogr. Journ., 1928. 

22 Deutsche Literaturzeitung, 1924, cols. 1709-1720. : 

*The following passage from one of my early essays shows that slow upheaval was 
then explicitly considered. ‘Destructive processes .do not hold back their attack until 
the constructive [upheaving] processes have completed their work. Destructive denuda- 
tion begins as soon as any part of a land mass rises above sea level. If the constructive 
[upheaving] processes are relatively slow, a considerable advance may be made by the 
destructive processes before construction [upheaval] ceases: but as far as the facts 
are now understood, the greater part of the task that is set before the latter still re- 
mains undone after the former have completed their work’ (Geographical Illustrations, 
Proe. Amer. Inst. Instruction, 1892). 
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and second that the succession of young, mature and old forms that 
are thereupon developed are consequently not of general application. As 
to the first of these objections, it is simply another case of the not-infre- 
quent Germanic failure to recognize the elasticity and generality of the 
cycle scheme, which has never been limited to the special case of rapid 
upheaval.?* That case has truly enough been often adopted for elemen- 
tary presentation, but various other cases have also been treated. 

As to the second objection, I can not agree that the sequence of forms 
C, D, E, figure 9, developed during the early and accelerated phase of the 
upheaval of a peneplain A are first old, next mature and then young; for 


FicurE 9.—Stages in the Erosion of an upheaved Peneplain 


only during the later, retarded phases of upheaval are truly mature and 
old forms H, L, 8, Y, produced. The early forms of a slowly introduced 
cycle of erosion, called old, mature and young by A. Penck, are not prop- 
erly so named; for normally developed old forms never have faint con- 
vex slopes either side of their streams (too faint to be shown at outer 
margin of dotted shading in block (), as these so-called old forms must 
have; and normally developed mature forms are associated with concave 
profiles in the basal valley-side slopes, block H, not with steepening lower 
slopes, as in blocks D, E. These so-called old and mature forms of early 
development are merely peculiar kinds of young forms, dependent not 
only on the special rates of upheaval, first accelerated then retarded, which 
the Pencks assume to be of prevalent occurrence, but also on the special 
and narrowly limited assumption that a land form which is uplifted at 
the beginning of a new cycle is always a preexistent peneplain. 

Two objections must be made to these assumptions. First, in adopting 
the belief that upheaval begins slowly and in adapting a terminology to 
that belief, a limitation is set upon the scheme of the erosion cycle like 


23 Other examples of the same kind of failure are noted in my article on “Peneplains 
and the geographical cycle." Bull. Geol. Soc. Amer. vol. 33, 1922, pp. 587-598 ; see p. 593. 
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the limitation to rapid initial upheaval which was supposed to have 
previously restricted the scheme. The wiser course would seem to be to 
leave the scheme open, as it always has been, so that it may be adjusted 
to any kind of upheaval. Second, the artificiality of assuming that a 
preupheaval form must always be a peneplain is manifest when one recog- 
nizes that the interruption of a former cycle and the introduction of a 
new one need not be delayed till near the end of the earlier cycle, but 
may occur at any stage, such as maturity or senescence, just as well as at 
an old age. And that this is often the case is shown by the many ex- 
amples of early or late maturelands, either of weak or of strong relief, 
with which new cycles are known to have begun. 

The earliest or infantile forms developed on a slowly upheaved mature- 
land will have no resemblance to old forms, or to what are ordinarily 
considered very young forms either, but will resemble the mature forms 
from which they are derived. They will very closely simulate the ante- 
cedent mature forms, if the upheaval which produces them be weak and 
small; but they may include sharp-cut trenches if the initial upheaval 
be rapid and great; and all the more so if the upheaval be accompanied 
by downstream warping or tilting. But it will ordinarily be impos- 
sible to determine today the nature of the upheaval by which a mature- 
land was introduced into a new cycle, because in the somewhat advanced 
stage of revived erosion commonly encountered in such cases, all traces of 
the very earliest forms are lost. For such examples the nature of the 
initial upheaval must remain indeterminate. Of course, what the earliest 
forms would be in a slowly and slightly upheaved matureland may be 
deduced by any one who cares to do so; they might be called forms of 
primary maturity (Primirreife). Deduction of this kind is excellent 
mental exercise, but it will not be of great practical value until actual 
examples of such forms call for treatment. 


DIFFERENCES BETWEEN INFANTILE AND SENILE LAND-FORMS 


If we now return to the case of a faintly upheaved peneplain, it would 
be as irrational to confuse the delicate forms of the infantile or Primir- 
rumpf stage, block C, figure 9, with the genuine peneplain or Endrumpf 
of advanced old age, Block ’, as to confuse the first childhood of human 
infancy with the second childhood of human senility. In both their 


24 Willis has used the term, matureland, to include subdued forms which have lost the 
full measure of relief that characterizes maturity. Such lands are neither mature nor 
old, but senescent. Perhaps they may be called ‘“‘seneslands,”’ which is quite as well 
formed a word as the astronomer’s “parsec,” and much better than the sportsman’s 
“umpire.” 
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childhoods, human beings are weak, mentally and physically, toothless, 
nearly hairless, and incapable of self-maintenance; but the two child- 
hoods are distinguishable by their other unlike characteristics. So the 
infantile Primarrumpf and the senile Endrumpf doubtless resem)le each 
other closely in certain respects, but it is the business of the geomorpholo- 
gist to distinguish them. When actual examples of the two forms are 
discovered, still standing in the position of their production, the valleys 
of the first should be found, when closely examined, to exhibit faint but 
true marks of slightly advanced waxing development, while those of the 
second will exhibit faint but equally characteristic marks of far advanced 
waning development. Among the characteristics of normal senility will 
be broadly convex swells between broadly concave swales, both being essen- 
tial in a normal peneplain; hence I think that W. Penck was wrong in 
imagining peneplanation to be characterized in all its stages to its theo- 
retical finality by concave profiles.2° The processes, chiefly surface wash 
and soil creep, by which a would-be sharp-edged ridge of concave slopes 
iseventually worn down to the low convex swells of a peneplain will not 
postpone the beginning of their operations till after such a sharp edge is 
produced, but will prevent its production by giving it a rounded top. 

It may perhaps be urged that the most perfect example of a Primiar- 
rumpf that can be developed from an Endrumpf would result from so slow 
and minute an upheaval that a shaving of equal thickness would be taken 
from all parts of the aged Endrumpf in transforming it into the infan- 
tile Primiirrumpf, and hence that the two forms would be identical ; but 
that case may be left in the hands of anyone who ventures to assert its 
possibility. All this discussion is, however, of so highly theoretical a 
nature that it is of little value in the description of visible land forms, 
because actual examples of Primiirrumpfe, still in the infantile stage of 
their development, are, like well-demonstrated but vanished examples of 
Primirrumpfe, great rarities. The most interesting side of the discus- 
sion to me is found in the ease with which it can all be accommodated 
in the general scheme of the cycle of erosion, merely by assigning partic- 
ular values to the several factors involved. 


DEGRADATION OF MARGINAL LOWLANDS 


Our 14-page detour is now over and return may be made to the discussion 
of Piedmontfliichen. Penck’s statement 15, concerning the dissected 
remnants of the initial peneplain in the center of the Black Forest high- 


“Die Einrumpfung “ist bis auf ihr theoretisches Endergebnis in allen Phasen durch 
konkave Profile ausgezeichnet.”. Morph. Anal., 125 :8. 
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land, calls for no further comment than it has received above, in which 
dissent was expressed from the necessity of believing that the dissection 
began with the production of a Primirrumpf. His statement 16 an- 
nounces a well-generalized result of much painstaking observation regard- 
ing the occurrence of several down-stepping benchlands separated by con- 
vexo-concave slopes, in systematic association with similarly down-step- 
ping valley floors separated by rivers nicks. Many details on which this 
generalization is based are given on the later pages of his-essay. The 
successive production of the several benchlands is to be explained. We 
first learn in statement 17 that, as the result of general degradation (which 
must be understood to act over all the region) the slowly and slightly 
upslanted margin of the expanding dome is, as fast as it is potentially 
upslanted, worn down to a lowland (Piedmontfliche) of gentle declivity, 
at grade with the adjoining, non-upslanted lower land. This is conceiv- 
able enough, as the following considerations, which depart somewhat from 
Penck’s order of explanation, may make clear. 

Instead of assuming that the heaving and expanding dome has a poten- 
tial angle at the base of its more pronounced marginal slope, as drawn 
in Penck’s profile, let it be supposed to descend by a concave profile to 
the newly upslanted marginal area. The outer part of the rising slope 
would then, while rising, be worn down to a marginal lowland with a 
faintly sloping profile so as to be, as said in statement 22, at grade 
laterally with the broadened valley floors along the graded lower courses 
of all the outflowing streams, and at grade outward with the adjoining 
and yet-to-be-upheaved lower land. Such a marginal plain would be an 
excellent example of a Primirrumpf of the first kind above described, 
provided its degradation is really accomplished during the early and 
slow upheaval of the antecedent peneplain; but to assume that it has 
been thus degraded contemporaneously with the slow upheaval of the 
dome margin is, like the corresponding assumption concerning the mainte- 
nance of graded courses by the streams as discussed in connection with 
statements + to 7, wholly unwarranted. For just the same kind of a 
marginal lowland, as far as Penck’s description go, might be produced 
by the normal peneplanation of a quickly but slightly upslanted marginal 
belt after its upslanting had ceased, thus producing what Sélch has 
unadvisedly termed a Trugrumpf. That view of the case, explicity re- 
jected by Penck, will be set forth on a later page: we may here provisionally 
accept Penck’s postulate of slow upslanting and contemporaneous plana- 
tion, and follow it to the further consequences that he deduced from it. 
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One of those consequences has a certain significance; for it recognizes 
that the Primairrumpf is produced only around the margin of the rising 
and expanding dome where upheaval, just beginning, has not yet had 
time to be much accelerated. But the production of the Primairrumpf 
is defeated over the larger central area where the upheaval, having begun 
sooner and been longer accelerated, is now faster. Such a partial Primar- 
rumpf of the first kind therefore gives little if any support to the idea 
that a mass of mountainous volume could be completely reduced to a 
Primarrumpf of the second kind—a Dauerrumpf—over all of an up- 
heaved area during all its upheaval. 


TRANSFORMATION OF A MARGINAL LOWLAND INTO A BENCHLAND 


The transformation of a marginal lowland into a benchland is explained 
in statement 18. It is there asserted that the degraded marginal low- 
land of early production is later upheaved so that it gains benchland 


Figure 10.—Block Diagram and Profile of a dissected Benchland 


altitude in its inner part, while its outer part is degraded to a new mar- 
ginal lowland at a lower level. The two degraded surfaces are then sepa- 
rated, according to statement 19, by a distinct slope, corresponding to a 
nick in the stream profile; and this slope is gradually frayed out, accord- 
ing to statement 21, in spurs and isolated hills. Thus a series of down- 
stepping benches is thought to be produced, each one of which represents 
so much of an upheaved marginal lowland of earlier date as has not been 
consumed around its outer border by the degradation of another low- 
land of later date; but each of which gains some new width by the 
retrogressive degradation of the declivity at its inner border which sepa- 
rates it from the next higher bench. Statements 23 and 24 give addi- 
tional descriptive details. A colored map (page 92) shows that the 
five or six successive benchlands thus far produced in the Black Forest 
highlands possess widths of several kilometers: hence the production of 
each one must have occupied a considerable period of time. 
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Priem’s figure 3, here imitated in the lower profile of figure 10, repre- 
sents a dissected benchland fronted by a marginal lowland, as described 
in the preceding paragraph. it is based on one of Penck’s figures, but 
Priem’s profile is erroneous in sliowing the valleys between the frayed-out 
hills of the benchland border to be deeper than the marginal lowland to 
which they drain. His lowland profile is therefore here replaced by 
a lower line a little below the interhill valleys. The same general 
relations of a benchland with a frayed-out border overlooking a mar- 
ginal lowland is thrown into block-diagram form in the upper part 
of figure 10. The well-opened valley which trenches the benchland 
is supposed to have a nick at its head farther up stream, not here shown. 
This relation is repeatedly exhibited in figure 1. 

No adequate explanation of the process by which successive benches 
are differentiated is given in Penck’s statements,?* which certainly read 
strangely in view of the explicit denial of intermittent upheaval and the 
insistence upon continuously accelerated upheaval in statement 20. We 
there learn only that each piedmont lowland is taken to be the result of 
subaerial degradation around the expanding dome margin, where the 
upheaving movement is less than about the dome center; and that succes- 
sively formed lowlands are now seen as higher-standing benchlands. No 
deliberate deductive analysis of the reasons for the intermittent develop- 
ment of Piedmontflachen during non-intermittent upheaval is presented ; 
and in the absence of such analysis their intermittent development must 
be seriously doubted. Indeed, upon reading that the successively de- 
veloped lowlands are found to be systematically correlated with the broad- 
ened valley floors below the successively developed river-profile nicks, and 
upon learning from Penck’s full-page colored map that the correlations 
extend over distances of from 40 to 60 kilometers and embrace a good 
number of radial streams, his explanation of the intermittent develop- 
ment of the lowlands during non-intermittent upheaval must be rejected. 


MULTIPLE WORKING HyPoTHESES 


The remaining statements, 19 to 24, will be taken up below, in connec- 
tion with the presentation of a manifest alternative hypothesis for the 
explanation of the lowlands and benchlands; but before entering upon 
that presentation, it is desired to add another comment on method. In 


26 4 somewhat more expanded statement concerning benchlands in general and their 
associated valleys, but without additional explanation of their differentiation, is to be 
found in Penck’s Morphologische Analyse, 163 :8 and 175:8. 


XXVITI—BULL, GEOL. Soc, AM., VoL. 43, 1932 
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Walther Penck’s study of the Black Forest no explicit use is made of the 
method of multiple working hypotheses, which has been shown by Cham- 
berlin ** to be of so great assistance in reaching the correct solution of 
geological problems. It is possible that the young geomorphologist’s 
neglect of that method was not so great as it appears to be; for he may 
have, as suggested above, considered various alternative hypotheses for 
the explanation of piedmont benchlands and have found them of so little 
value that he did not record them in his manuscript; but it is also pos- 
sible that he may have been so fully satisfied with the hypothesis which 
he adopted that it did not seem worth while to examine any other. 

It is, however, very difficult to see how he could have examined the 
hypothesis of intermittent upheaval without discovering that it would 
work much better in explaining piedmont benchlands than his confidently 
advocated hypothesis of continuously accelerating and expanding up- 
heaval; in other words, that the correctly deduced consequences of inter- 
mittent upheaval would, when confronted with the observed facts, meet 
them much better than would the correctly deduced consequences of con- 
tinuously accelerated upheaval. To be sure, Penck concluded that the 
consequences of accelerated upheaval, as he deduced them, were correct 
and that they did succeed in meeting the facts that he observed ; and per- 
haps for that reason he did not inquire particularly into the consequences 
of any other hypothesis.** But it may be urged again that, if he had 
deduced the consequences of both hypotheses with equal fulness and had 
then impartially confronted the two sets of consequences with the observed 
facts, he could not have failed to see that the facts may be accounted for 
under the hypothesis of intermittent upheaval quite-as well as under 
that of continuously accelerated upheaval as he treated it ; and he should 
then have been led to inquire into the relative value of the two hypo- 
theses. 

CONSEQUENCES OF INTERMITTENT EXPANDING UPHEAVAL 


Let it be repeated that in case an investigator, after he had correctly 
deduced the consequences of intermittent upheaval, found the resulting 
benchland and valley-in-valley forms essentially identical with the simi- 
lar benchland and valley-in-valley forms that he had—incorrectly, as 
we believe—deduced from continuously accelerated upheaval, he might 


27 T. C. Chamberlin : The method of multiple working hypotheses. Journ. Geol., vol. 5, 
1897, pp. 837-848 ; republished, ibid., vol. 39, 1931, pp. 155-165. 

23 Similar inattention to the method of multiple working hypotheses characterizes the 
published form of Braun’s presentation of ‘“Piedmontfliichen,” to which reference has 
been made in an earlier paragraph ; and of Albrecht Penck’s study of the “Gipfelflur der 
Alpen.” 


ve 
Che 
4 
{ 
t 
t 
t 
3 
r 


CONSEQUENCES OF INTERMITTENT EXPANDING UPHEAVAL 439 


have been led to a profitable review of both sets of deductions: for it 
would surely have been disconcerting to discover that the two strongly 
contrasted hypotheses yielded identical or at least closely similar conse- 
quences. But as Penck’s article does not present the consequences of the 
hypothesis of intermittent upheaval which he explicitly rejected, they 
must be briefly presented here. They are simple and familiar enough.?° 

Imagine a peneplain, of complicated but generally resistant rock struc- 
ture, to be drained by a radial system of sluggish streams. Let an inter- 
mittent upheaval of a part of the peneplain, centering at or near the 
drainage center, eventually give it a potentially dome-like form, with a 
double-curved radial profile, whereby its full-grown radius of 30 kilo- 
meters comes to be about fifty times its height. Let the intermittent up- 
heaval be slow, faster, slow, stop, slow, faster, slow, stop, about as indi- 
cated by the undulating curve LZ, figure 3, the slow beginning of upheaval 
being, however, too fast to be completely overcome by contemporaneous 
degradation ; and let the area of the dome be expanded by a similarly inter- 
mittent marginal warping. After a moderate amount of erosion and 
degradation has been accomplished on the small and low dome during 
the first impulse of upheaval, let the first pause be long enough for the 
double-curved side slopes along the graded lower parts of the radial valleys 
to retreat until the valley floors gain a moderate width, increasing down 
stream; and during the same pause let a low marginal lowland be worn 
down, indifferent to rock structure (statement 24), merging laterally 
into the widened valley floors (statement 22) and outward into the ad- 
joining, not-yet-upheaved lowland. 

Now let the second impulse of upheaval set in, increasing both the alti- 
tude and the area of the dome. A radial stream, which had become well 
graded far up its course in the first still-stand pause, now recommences its 
erosional work and cuts a new valley in the previously widened valley 
floor. In order to emphasize the production of a nick in the stream 
profile as well as a second marginal lowland below the now-upheaved 


2° See, for example, besides the essays by Sélch and Ampferer referred to in an earlier 
footnote, a clear statement of the principles here involved in Joseph Barrell’s “Piedmont 
terraces of the northern Appalachians’ (Amer. Journ. Science., vol. 49, 1920; pp. 327- 
362, 407-428) ; also in the account of the physiography of southeastern Pennsylvania and 
the adjoining parts of Delaware and Maryland by E. B. Knopf. This observer holds that 
valley-in-valley topography ‘clearly establishes the recurrence of numerous slight uplifts 
that caused repeated interruptions to the continuity of baselevelling,” and explains that 
“the effect of such repeated uplift is to postpone indefinitely the total degradation of a 
region by constant addition to the area [and volume] undergoing reduction and by setting 
back the progress of the work, so to speak, after each interruption.” (Correlation of 
residual erosion surfaces in the Eastern Appalachian Highlands. Bull. Geol. Soc. Amer., 
vol. 35, 1920, pp. 633-668. See p. 667.) 
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first one, let the second impulse of upheaval have three characteristics : 
let it slightly broaden as well as raise the dome crest, thereby slightly 
decreasing the gradient of the upper stream courses and delaying the 
erosive deepening of their open valley floors, this idea being borrowed from 
Penck’s statement 9; let it change the faintly concave marginal slope of 
the first upheaved dome into a faintly convex slope of second upheaval, 
this idea being borrowed from the implications of Penck’s figure 6, which 
are not explicitly stated in his text; and let it steepen the descent from 
this faintly convex slope into a new-made faintly concave marginal slope 
by which the enlarged dome of second upheaval exceeds the area of the 
smaller dome of first upheaval. These three characteristics are assumed 
because they lead to a reasonable explanation of observed facts: there is 
no other ground for their assumption.*° 

Then consequent upon the second upheaval a deeper valley will be 
eroded downstream from the faintly convex slope of renewed upheaval, 
with a retreating nick at its head; and a new marginal lowland will be 
degraded with well defined ascending slope at its inner border (state- 
ment 19), as defined by the concavity below the faintly convex slope of 
upheaval. During the second pause the new and deeper-cut valley will 
lengthen headwards by retrogressive erosion of its head-nick; and _ its 
floor will widen by the retreat of its double-curved side slopes. Similar 
changes will take place along the first-developed and now higher-standing 
valley; and if the stream gradient is there reduced by the latter impulses 
of upheaval, as suggested by Penck, the broadening of the valley will go 
on with little or no deepening. The new marginal lowland will likewise 
widen inward by the back-wearing of the steepened slope at the head of 
the marginal concavity. At the same time the first-formed marginal 
lowland, now upheaved and extensively encroached upon by the recessional 
widening of the second, will at least in part make up for that outer 
loss by the recession of its double-curved inner slope (statement 21) : 
and during this inner recession many remnants of the higher upland 
will be irregularly isolated, those near the upland retaining larger size 
and flattish tops, those farther forward being reduced to smaller size and 
rounded off at lower levels (statement 21, and as in my figure 10). 
Isolated mounts and hills of this kind evidently abound on the bench- 
lands of the Black Forest. ax they are repeatedly mentioned in Penck’s 

* Tt should be understood that these special features of dome-like upheaval are here 
postulated only in order to adapt the discussion to the facets of the Black Forest. as 


Penck presents them. A more general statement of the problem need postulate only sue- 
cessive impulses of upheaval, separated by still-stand pauses. 
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detailed account of its minor forms (100:9, 101:3, 101:8, 102:6, 103 :7, 
etcetera ) 

Several repetitions of upheaving impulses will produce a correspond- 
ing succession of river nicks and stepped benchlands; and those features 
will necessarily be correlatable around the dome as far as the upheaving 
impulses are so correlatable; they will vary as those intpulses vary. The 
resulting forms are conventionally simplified in figure 1, They are in 
essence like those described and mapped by Penck for the Black Forest. 
The correlation of the forms observed along different radical streams, as 
described by Penck, is alone sufficient to exclude continuous upheaval 
and to demand intermittent upheaval. 

A highly significant contrast, to which allusion has already been made, 
between Penck’s deduced consequences of the scheme of continuously ac- 
celerated upheaval as presented on earlier pages, and those deduced from 
the alternative scheme of intermittent upheaval here presented, may now 
be set forth more fully. As treated by Penck, each marginal lowland 
is worn down around the rising dome as fast as the dome rises; that is, 
each lowland or Piedmontfliche is a true Primirrumpf which never 
passed through a stage of mature dissection. As treated here each low- 
Jand is a true peneplain or Endrumpf which, although the depth of 
erosion called for in its production is small, necessarily passed through 
the mature stage before reaching its old stage. The visible forms of the 
two surfaces are identical, whether seen in their low position of produc- 
tion or after they have been raised to benchland altitudes and more 
or less modified by revived erosion. But Penck’s scheme for the succes- 
sive development of these surfaces gives no reason for their systematic 
correlation around the dome margin; the alternative scheme demands 
such correlation, and is therefore to be preferred. But whoever adopts 
the alternative scheme thereby discredits the explanation of the lowlands 
as Primiirriimpfe; and if Primarriimpfe are so easily discredited in this 
case, where their production has been confidently asserted, the question 
must be asked whether their production is better certified in other cases 
where it has been as confidently asserted. It is by reasons like these 
that the doubts as to the occurrence of Primirriimpfe, expressed in an 
earlier paragraph, are aroused. 

"The adoftion of the name, Inselberge, in statement 21 for these rather closely 
grouped, intervalley hills or mounts seems regrettable, because they are so manifestly 
the offspring of the neighboring uplands, and therefore so different in their distribution 
as well as in their curved basal slopes, from the wide-spaced, orphanlike residual mounts 
of hardly recognizable parentage and of subangular basal profile which were originally 


called Inselberge by Bornhardt. The latter's descriptive limitation of such mounts should 
still be retained, even though his explanation of their origin was faulty, 
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A variety of details concerning benchlands eroded around an inter- 
mittently upheaved dome may be deductively specified, if desired. The 
earlier-formed and now higher-lifted benchlands should have indistinct 
and frayed-out limiting slopes as compared with the better defined lower 
benchlands ; and in order that these slopes should be indifferent to struc- 
ture (statement 24) the rocks involved should be about uniformly re- 
sistant to degradation. The ascending slope at the inner border of the 
first formed and now highest benchland will—after its successive up- 
heavals to greater and greater altitudes—tend to recede irregularly with 
gentler and gentler slope; and in general the nicks farther upstream will 
likewise tend to become less steep than those later formed downstream. 
These tendencies may of course be modified by rock structure. Even in 
massive rocks a retreating nick-face may steepen as it retreats, if the 
downward corrasion at its top is less effective than the plungepool back- 
scour at the base. Certain cataracts that I have seen in Norway appear 
to have gained steepness by this process, and an aceount of the Orange 
River in South Africa ** suggests that the precipitous plunge of its 
cataract in massive crystalline rocks is also autogenetic. 


TREATMENT OF ALTERNATIVE HYPOTHESES 


There are two important requirements, partly logical, partly ethical, 
which should be scrupulously observed when one makes use of the method 
of multiple working hypotheses. One is that every hypothesis, whether 
original or borrowed, should be hospitably entertained by every self- 
responsible investigator. It is not for him to like or to dislike any 
hypothesis as an hypothesis. He should examine each one fairly, and 
he should give especially careful consideration to all hypotheses which 
are invented by others and are regarded by them as superior to one that 
he had earlier adopted himself. The second requirement is that, what- 
ever deduction of consequences has been made by the inventors of other 
hypotheses, he should carefully deduce all the consequences of every 
hypothesis for himself. Finally, after impartially confronting each set 
of deduced consequences with the observed and generalized facts, he must 
then but not before condemn and reject all hypotheses whose consequences 
fail to meet the facts, and adopt the one—if any—which succeeds in 
meeting them. I have striven to meet these requirements. . 

Moreover, each hypothesis, whether original or borrowed, should be 
regarded as an elastic concept, open to improving modifications in any 


32 F. C. Cornell: The Iower reaches of the Orange River. Geogr. Journ., vol. 57, 1921, 
pp. 241-252. 
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direction. Thus, if the detailed specifications of the above-outlined hy- 
pothesis of intermittent upheaval seem unsatisfactory to any reader, let 
him change them in any way that he desires, always provided that he 
strives to frame them in such a way that they shall best lead toconsequences 
corresponding to the facts to be explained. In other words, the scheme 
of intermittent upheaval should be so conceived that it will set erosional 
processes at work in such a way as shall best bring about the observed 
grouping of surface forms. Apart from that, the scheme has no value. 

The concept of intermittent upheaval is not introduced because of any 
preference for that sort of crustal movement over continuously accelerated 
upheaval. There is, let it be said again, no reason for assuming inter- 
mittent upheaval apart from the expectation that it may reasonably ac- 
count for certain facts of observation. Similarly, there is no reason for 
specifying any particular details of intermittent upheaval, apart from the 
same expectation. Consider, for example, the above stated specification, 
borrowed from Penck, of flattening the crest of the expanding dome at 
the time of the second and later impulses of upheaval and thereby dimin- 
ishing the gradient of the stream on the first-eroded valley floor: this is 
not in the least a matter of preference, but simply a detail which it is 
thought will aid in accounting for the delayed trenching of the uppermost 
valley. All other details of movement must likewise be so specified as 
will best account for the details of Black Forest forms, whatever those 
forms may be. 

When the consequences of the hypothesis of intermittent upheaval are 
worked out, several critical questions should arise in the minds of those 
who had previously examined only the hypothesis of accelerated upheaval. 
First, will the processes involved in the alternative hypothesis of inter- 
mittent upheaval, here discussed, produce the observed and systematically 
correlated downstepping benchlands of the Black Forest? Second, if not, 
what sort of forms will the processes of the alternative hypothesis produce ? 
Third, how can it be determined which one of the two hypothesis is most 
successful in accounting for the various observed features? In answer- 
ing these questions it is, I believe, fair to say that the correctly deduced 
consequences of the hypothesis of continuous upheaval can not include the 
production of downstepping benchlands, and that those of the hypothesis 
of intermittent upheaval must include the production of those features. 

If it be thought that an overlong argument is here presented in the 
discussion of an apparently simple problem, the answer is that I have not 
ventured to consider the problem simple, in view of the fact that a bril- 
liant and devoted student of physiography, as well as a number of his 
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disciples, have adopted another solution for it than the one that seems to 
me inevitable: and I should not regard it as fair to the disciples to reject 
their leaders’s solution without first giving it careful consideration. Asa 
result of such consideration, the most difficult aspect of the problem 
remains unsolved: How can serious students of physiography ever have 
persuaded themselves that continuous upheaval would or could cause 
intermittent erosion ? 


— 
om 
~ 
~ 
rig 
a 


77930". 25 


0 
OS 


77°30’ zs’ 


‘ 


Ficure 1.—Sketch Map of the Region about GI 


This map is based on the following topographic sheets: Greenwood, Woodhull 
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INTRODUCTION 


Cowanesque River flows eastward across Tioga County, in north cen- 
tral Pennsylvania, to join the Tioga at Lawrenceville. For 15 miles of 
its course, from Westfield to Nelson, the river meanders across flats three- 
quarters of a mile wide that broaden to 2 miles between Elkland and 
Osceola. Here, channel, banks, and valley sides are almost devoid of bed- 
rock outcrops; but below and above the flats the stream flows through 
straighter, narrower valleys with plentiful rock outcrops. The flat is 
interpreted as the bed of a Pleistocene lake here named Glacial Lake 
Cowanesque. 

The probability of lake occupancy of the Cowanesque valley was an- 
nounced by Alden and Fuller,* who concluded that such a lake originally 
formed in front of ice advancing from the northeast, which blocked and 
probably eventually filled the valley. A recurrence of lacustrine con- 
ditions accompanied ice withdrawal. Since the terminal moraine lies 
to the south and west, the ice probably covered the region completely 
between lake-forming periods. ‘Two spillways opening southward from 
the Cowanesque valley indicate a considerable duration for the lake. 


1 Manuscript received by the Secretary of the Geological Society February 10, 1932, 
2 Published with the permission of the State Geologist of Pennsylvania. 
3W. C. Alden and M. L. Fuller: Gaines folio 92 and Elkland-Tioga folio 93, U. S. Geol. 
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Various glacial and fluvio-glacial deposits in the valley have been de- 
scribed. The writer agrees with Alden and Fuller in their interpreta- 
tions, but wishes to add to the published data new information collected 
during 1931 when he discovered varved clays and other deposits near 
Nelson, whose occurrence led to a review of the local Pleistocene history. 


Ficure 2.—Flat Bed of Glacial Lake Cowanesque near Elkland 


THE GLACIAL LAKE 
THE LAKE VALLEY 


Lake Cowanesque occupied a 15-mile stretch of the valley whose slopes 
today rise 500 to 700 feet above the river which flows at an elevation be- 
tween 1,100 and 1,200 feet in the flats. Morainal deposits are common 
along the valley sides and on the hills. At the mouths of northern 
tributary valleys occur deltas and fans, and some ill-defined terraces exist 
at elevations approximating 1,400 to 1,500 feet. Deposits at the mouth 
of Bill Hess Creek, a mile west of Nelson, have been studied in cuts on 
the recently completed State Highway, Route 49, where varved clays 
and other sediments were exposed. Which of all these Pleistocene de- 
posits originated during ice advance and which during retreat is uncer- 
tain; but, since so many are preserved intact, most of them probably 
developed during retreat. 
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Two spillways opening south from the valley have been mentioned. The 
lower, eastern, or Little Marsh spillway left the valley near Phillips, ran 
south along Jemason Creek valley and thence southeastward, across the 
divide into Crooked Creek valley past Little Marsh. It rises to 1,500 
feet, 300 above the Cowanesque bottom lands and approximately the 
elevation of the lake terraces. The floor and sides are loose materials 


Figure 3.—Varved Clays in Cowanesque Valley 


rather than bedrock, and the highest part is flat and swampy. The less 
well-developed Gaines spillway emptied south from Westfield to Gaines 
by way of Mill Creek and Long Run valleys and is more than 500 feet 
above the lake bottom at Sabinsville divide. Much of its walls and floor 
are bedrock ; but as it is less well-defined than the Little Marsh spillway, 
it is presumed to have had a shorter life. 
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LAKE STAGES 


Alden and Fuller pointed out that one lake may have formed during 
ice advance and another during retreat, both occupying the same area. 
Held back by the oncoming ice from the northeast, the earlier lake 
emptied first over the lower, Little Marsh spillway, and then, as the ice 
advanced up the valley and blocked this channel, through the Gaines 
outlet, 200 feet higher. Ice retreat reversed this order. Because the 
height of the terraces approximates that of the Little Marsh spillway 


| 


Figure 4.—The Little Marsh Spillway from the Southeast 


divide, it is inferred that they formed when this was the outlet. Since 
they are preserved, it seems more reasonable to believe that they originated 
during ice retreat rather than advance. The fact that they do not reach 
the elevation of the Gaines spillway divide further indicates the shorter 
life of that outlet as compared with the Little Marsh course. Even- 
tually, as the ice retreated and water-level dropped below the spillways, 
the lake must have drained eastward down the Cowanesque valley but 
doubtless persisted for some time behind a recognized morainal dam 
near Nelson. This obstruction was probably augmented for a time by ice 
above or behind it in the valley, assuming of course that the moraine 
represents a temporary re-advance of the ice. This being so, the ice 
probably also obstructed Bill Hess Creek valley northwest of Nelson, at 
least throughout its lower reaches. Remnants of the Nelson morainal 
dam are preserved 200 to 300 feet above the lake bottom as at the village 
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cemetery and extending thence toward and into the valley of Bill Hess 
Creek and appearing again south of Cowanesque River across the valley 
north of the mouth of Thornbottom Creek. Varved clays accumulated 
in relatively deep, quiet water behind the dam at the eastern end of the 
lake. With final ice withdrawal and cutting through of the barrier by 
the outlet stream, the lake should have subsided. However, the normal 
sequence of events was interrupted. 

At the stage of moraine- and ice-damming, ice also blocked the drainage 
to the north and east so that other lakes tended to form in Canisteo and 
perhaps Tioga valleys in New York. As the ice melted from the Cowan- 
esque valley at Nelson, it also cleared Bill Hess Creek valley so that the 


Figure 5.—Profile of Nelson Delta-fan as seen from the West 


impounded waters of Canisteo valley could run south over a spillway at 
the head of Bill Hess Creek valley 214 miles northwest of Nelson. This 
was no doubt a repetition of like events which had occurred farther west 
along the north-opening tributary valleys, the activity progressing east- 
ward following the receding ice. Debris was washed into Lake Cowan- 
esque valley and dropped as deltas in the lake or fans along its margin. 
The best understood of these is at the mouth of Bill Hess Creek valley 
immediately west of Nelson and partly overlapping the morainic dam 
there. How much of this is delta and how much fan will be discussed 
below. 
NELSON DELTA-FAN 

As one goes east along the highway from Elkland toward Nelson, a 

long, gently south-sloping ridge is seen crossing the Cowanesque valley 
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from a broad notch where Bill Hess Creek leaves the northern hills. 
Tapering from a mile-wide base to a blunt point, it extends a mile and a 
half into the valley, almost touching the southern wall but separated there- 
from by the river which swings around the ridge, undercuts the opposite 
wall and exposes bedrock there, only to curve back northeastward down 
the valley past Nelson. The new highway has cut into this deposit north 
of the river. At road level 11 feet of banded clays are exposed. The 


on ds ‘Boulders 


FIGURE 6.—Section of Nelson Delta-fan on Highway 49 


varves are one-half to three-fourths of an inch thick, but slumping and 
the tenacity of the clay prevented an accurate count. The base is hidden, 
but it is inferred from adjacent, lower exposures in the river bank that 
only about half of the thickness of the clay is exposed. In strong con- 
trast with the even-handed, stiff clay are 30 feet of cross-bedded, coarse, 
ripple-marked sandy beds above them. The sand and clay were not ob- 
served to intergrade, implying a sudden change of conditions from placid 
lake waters to swift currents, a supposition substantiated by showings of 
the eroded top of the clay beneath the sand. South of the highway along 
the river bank the sands rest upon bedrock at a lower elevation than the 
inferred base of the varves. Some of the sandy layers in the longer, east- 
ern (as compared to the short, steep, western) slope of the deposit are 
marked by current ripples so oriented as to indicate eastward-flowing 
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water. The top of the ridge at the highway is composed of 5 to 10 feet 
of poorly sorted boulders and fines capping the sands. This coarse 
layer is traced northward and upward into Bill Hess Creek valley where 
it thickens to 100 or 150 feet or even more along that stream and in rail- 
road cuts. The cross-bedded sands and overlying, coarse deposits are 
interpreted as debris swept into the main valley from Bill Hess Creek 
valley when the ice left the latter and so opened a spillway from the Canis- 
teo valley. 

The absence of clays between sand and bedrock south of the highway 
may locate at that point the lake outlet prior to delta deposition. If 
so, the lake must have been very low before the delta began to form, since 
its outlet evidently was below the previously deposited varved clays. 
Delta-building raised the lake-level at least 50 feet, an amount deduced 
from the thickness of the water-laid sands above bedrock. Simultaneously 
with damming, the delta tended to deflect the lake outlet toward its pres- 
ent course west of Nelson. The deflection may be the resultant of two 
currents, one from the lake and one from Bill Hess Creek, meeting at 
right angles at the dam. The limited extent of the delta, its profile, the 
absence of lacustrine deposits along its western side, and the relatively 
small amount of river cutting required to produce the present channel 
imply that any such damming as it caused was short-lived. Incidentally, 
the delta preserved the uneroded remnant of the varves by capping them 
and by deflecting the river southward. 

The abrupt upward change from a deposit of sand to one of boulders 
and fines which thickens into the valley to the north is believed to show 
that subaqueous deposition changed abruptly to subaerial; that the delta 
gave way toafan. This can hardly be attributed solely to building of the 
delta above lake-level, but is probably to be correlated with some sudden 
change affecting the supply of materials from the north. 

After the Nelson delta-fan formed, the Cowanesque established its 
present grade. That it still lacks complete adjustment is shown by its 
meandering course above as contrasted with its straighter one below the 
delta and by its accelerated flow around the delta end. Bill Hess Creek 
is today deeply entrenched in its own delta-fan, and enters Cowanesque 


River at grade. 
CONCLUSIONS AND SUMMARY 


During and following active glaciation, part of the Cowanesque valley 
was dammed to form a lake which emptied south through first one and 
then another of two spillways as the ice advanced, reversing the order 
during retreat and eventually abandoning these channels for an out- 
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let down the valley to the east. During ice retreat varved clays formed 
behind the dam. Next, liberated water from lakes to the north built 
deltas and fans along the shore of Lake Cowanesque. The deposits off 
the mouth of Bill Hess Creek partly re-dammed the lake. The outlet 
soon breached the new, relatively low obstruction, although, as its present 
course implies, only after deflection took place southward away from the 
line of delta out-building. 
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INTRODUCTION 


The Public Improvement Commission of Baltimore City is constructing 
a dam on the Gunpowder Falls in Baltimore County about 20 miles north 
of the city. The rock on which the dam is being built is the Wissahickon 
schist. The character of the rock proved to be such that unexpected diffi- 
culties were encountered in preparing a safe and sound foundation. The 
ease with which the rock broke along the planes of schistosity in shooting 
necessitated the excavation of an excessive amount of rock. This difficulty 
was overcome by substituting wire saws for blasting. At the west end of 


1 Manuscript received by the Secretary of the Geological Society November 28, 1931. 
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the dam site, weathered rock extended much deeper than it had been 
planned to excavate. This area was prospected by core drill holes 3 feet 
in diameter which the geologist descended in order to obtain a complete 
log of the character and structure of the rock. Microscopic examination 
of thin sections of the weathered rock showed that weathering had not 
attacked the minerals of the rock, but that the penetrating meteoric waters 
had deposited films of iron hydroxide between the minerals and along the 
planes of foliation of the micaceous minerals and had destroyed the co- 
hesion of the rock. The rock afforded unusually good examples of helicitic 
poikiloblasts of albite. The literature on the origin of albite porphyro- 
blasts in albite chlorite schists of the type to which the Wissahickon schist 
belongs is reviewed in the light of the results of the microscopic examina- 
tion of the Prettyboy rocks. 


THE WISSAHICKON SCHIST 


The areal distribution of the Wissahickon schist in northern Baltimore 
County is shown on the map of the county issued by the Maryland Geologi- 
cal Survey in 1925. The geology of the formation is described by Eleanora 
Bliss Knopf and Anna I. Jonas in the Baltimore County report of that 
Survey issued in 1929. 

The Wissahickon formation is part of the pre-Cambrian Glenarm series. 
In Maryland it occurs in two mineralogical facies, outcropping on opposite 
limbs of a northeasterly striking syncline occupied by the overlying Peters 
Creek formation. The southeasterly facies is an oligoclase mica schist and 
the northeasterly facies an albite chlorite mica schist. The oligoclase 
schist is interpreted by Knopf and Jonas to represent sediments meta- 
morphosed in a deep-seated zone. The albite chlorite schist facies is 
believed to represent the same sediments metamorphosed in a higher zone. 
The rock at the Prettyboy dam is the latter facies. 


Tue ALBITE-CHLORITE-Mica-ScHIsT FACIES 
GENERAL DESORIPTION 


This facies of the schist is made up principally of quartz, chlorite, 
muscovite, and albite. There is wide variation in the proportions of these 
minerals in different layers. Chlorite and muscovite are invariably asso- 
ciated and intimately mixed. Many layers consist almost entirely of the 
micas with only a small proportion of small quartz grains. Other layers 
consist mainly of quartz with only thin stringers of the micaceous minerals 
separating bands of quartz. More commonly lenticular layers of quartz 
are separated by connecting bands of mica. Most of the micaceous layers 
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contain porphyroblasts of albite. Frequently the amount of albite is so 
great that such layers consist of albite porphyroblasts separated by sub- 
ordinate amounts of mica. 

The most abundant accessory mineral is magnetite. Other minerals 
are apatite, tourmaline, epidote, garnet, and rutile. Calcite is described 
as an abundant constituent of the schist but is not so in the thin sections 
of the rock at the Prettyboy Dam. The accessory minerals are most abun- 
dant in the albite, chlorite, and muscovite and are lacking in the quartzose 
layers. 

DESCRIPTION OF THE MINERALS + 

Quartz.—Though almost lacking in the more micaceous and albitic 
portions of the rock, quartz is the most abundant mineral in the schist. 
It occurs in irregular interlocking grains with undulatory extinction. 
The grains are generally clear and free of inclusions of accessory minerals. 
Locally the quartz is considerably granulated, and finely comminuted par- 
ticles fill the interstices between larger grains. Generally the quartz 
occurs in elongated aggregates parallel to the planes of schistosity but with 


’ very irregular and ragged boundaries against the enclosing micas. In the 


fresh rock the individual grains are recognizable only under crossed nicols. 
Figure 1 shows the mode of occurrence of the quartz and its relation to 
the muscovite and chlorite. More or less quartz in isolated grains and 
smaller aggregates occurs also in the micaceous and albitic layers. 

Muscovite and Chlorite-——The micaceous minerals occur as narrow 
streaks and slivers throughout the quartzose layers, as illustrated in figures 
1 and 5. In this relationship their orientation is at all angles to the 
general direction of schistosity. The longer and more continuous the 
streaks of mica, the more nearly they conform to the schistosity. The 
micaceous layers of the rock show pronounced folding and crinkling and 
numerous shear slips. The major shear slips are roughly parallel to the 
schistosity, but there are minor slips that transect the schistosity. 

Though many chlorite-bearing schists of the type of the Wissahickon 
have been described, very seldom have the optical properties of the chlorite 
mineral been described or more closely determined. Knopf and Jonas? 
describing the chlorite of the Wissahickon schist in Pennsylvania say it is 
a grass-green, strongly pleochroic clinochlore. Teall* determined the 
chlorite in the albite chlorite schist in Cowal as belonging to the penninite 


2 Eleanora Bliss Knopf and Anna I. Jonas: Geology of the McCalls Ferry-Quarryville 
District, Pennsylvania. U. S. Geol. Survey Bull. 799, 1929, p. 29. 

8 W. Gunn, C. T. Clough, and J. B. Hill and J. J. H. Teall and Dr. Hatch: The geology 
of Cowal. Mem. Geol. Survey of Scotland, 1897, p. 300. 
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group. The chlorite in the Wissahickon schist at the Prettyboy Dam is a 


higher iron member of the chlorite system. It is grass-green in color and 


shows green to yellowish green pleochroism. The index of refraction is 
1.625 + < .005. It has a very low index of refraction and a small nega- 


tive optic angle. These optical properties place it about on the boundary 
between diabantite and aphrosiderite in Winchel’s classification of the 
chlorite system. 


Ficure 1.—Foliated Quartz, Muacorite and Chlerite 


Smooth quartz layers do not show outlines of individuals. Rodded apatite in 
center faulted by cross shear slip. Two small hexagonal tourm line sections 
above apatite. Irregular grains of late magnetite. Xx 42. 


Albite-—All of the feldspar is a true albite with the composition 
Ab,;An, or slightly less anorthite. F. Coles Phillips* states that pure 


albite is the characteristic stress mineral in low-grade dynamic metamor- 


*F. Coles Phillips: Some mineralogical and chemical changes induced by progressive 
metamorphism in the Green Bed group of the Scottish Dalradian. Mineralog. Mag., vol. 
22, 1930, p. 247. 
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phism and that in the chlorite zone of the Scottish Dalradrian all feldspars 
contain less than 4 per cent anorthite. 

The albite occurs as elliptical to rounded porphyroblasts, in which the 
individuals range up to 1 millimeter or slightly larger in diameter. They 
occur singly or in larger aggregates of several grains. Under low magnifi- 
cation, the porphyroblasts have smooth, rounded boundaries that suggest 


FiGurRE 2.—Sheared and crinkled micaceous Layer 


Disconformities revealed by inclusions are due to shear slips. X 42. 


the appearance of pebbles in a matrix. On closer inspection and under 
higher magnification, it is seen that the boundaries between the feldspars 
and the minerals with which they are in contact are extremely irregular 
and ragged and that the former have formed at the expense of the latter 
minerals (figures 3, 4, and 5). The albites occur only in the more mica- 
ceous layers of the schist and are entirely lacking in the pure quartz layers. 
None of the thin sections showed either Carlsbad or polysynthetiec twin- 
ning, granulation, or undulatory extinction in the albites. 
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A striking feature of the albite is the abundance of inclusions and 
their regular arrangement in parallel stream lines. The inclusions are 
mainly the accessory minerals of the schist but include, in less regular 
orientation, also quartz, muscovite, and chlorite. The stream lines of the 
inclusions are generally but not always continuous with the directions of 
the inclusions in the contiguous micas and consequently parallel to the 


FiGurE 3.—Ragged replacement Boundaries of Albite (left) against Micas (right) 

Poikilitic inclusions in albite continuous with accessories in mica. Long, nar- 
row prismatic mineral with high relief and basal cleavage is epidote. Black 
mineral is magnetite. Clear areas are holes in slide. x 42. 


foliation of the rock (figures 3 and 4). These features are more fully 
discussed in the section on “Albitization.” 

Accessory Minerals.—Magnetite is by far the most abundant accessory 
mineral. It occurs in thin platy particles parallel to the cleavage of the 
micas and in larger grains with irregular outline and ragged boundaries 
that have not been disturbed by the puckering and shearing that the rock 
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has undergone. The relations of these grains to the minerals in which 
they occur are similar to those of the feldspars and indicate that the grains 
were formed at the close of or subsequent to the dynamic metamorphism 
(figures 1 and 2). 

An early accessory mineral that occurs in large grains is apatite. The 
shapes of its grains show that they have been deformed by the dynamic 


er 


FicurE 4.—Helicitic Poikiloblasts of Albite 


Preserving crinkling of micas from which they were formed by replacement. Con- 
tinuity of structure with inclusions in mica shown at left margin. Xx 42. 


metamorphism. In thin-section they have either a rounded or an elon- 
gate shape with no suggestion of idiomorphism. They conform to the 
foliation of the rock, and the micaceous minerals bend around them. 
They vary in size up to a length of over 2 millimeters. Figure 1 illustrates 
their mode of occurrence. The crystal is faulted by a transverse shear slip. 

Though not great in amount green tourmaline crystals are numerous 
and widely distributed. The tourmalines have not been deformed like the 
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apatites and are short euhedral prisms. In thin sections at right angles 
to the schistosity, they most frequently have a hexagonal cross section. 
Two hexagonal sections of tourmaline are seen above the apatite in figure 1. 
The tourmalines are small, few of them attaining a diameter of 0.1 
millimeter. 


Figure 5.—Albite Metacryst in quartzose Schist 
Ragged replacement boundaries, islands of quartz, and absence of accessory H 
mineral inclusions indicate this albite formed mainly by replacement of quartz. : 
Crossed nicols. 46. 


The only other accessory constituent worthy of special description is 
epidote. It occurs in minute, long prismatic or needlelike crystals parallel 
to the cleavage of the micas and as an abundant inclusion in the albites. 
It is an early constituent of the schist and shares the puckerings and 
bendings of the micaceous minerals by fracturing parallel to the basal 
cleavage. Its fractured, long prismatic crystals are well illustrated in 
figure 3, where they are seen in both the micas and the albite. 
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ALBITIZATION OF THE WISSAHICKON SCHIST 


GENERAL STATEMENT 


The formation of albite at a late stage in the development of schists 
undergoing low-grade dynamic metamorphism is a wide-spread pheno- 
menon that has been recognized in the literature describing such rock. It 
has received much more attention in European literature than in Ameri- 
can. Interpretations of the phenomenon differ as to the time at which the 
albite was formed and as to whether or not material was added from with- 
out. Sander ® calls the process albitization, without any implication as ta 
whether there has been an addition of material or not. 


ALBITE FORMED BY REPLACEMENT 


That the albite represents a replacement of the other three essential 
constituents of the schist—quartz, muscovite, and chlorite—is obvious. 
Also it has been recognized generally that it forms more commonly at the 
expense of the micas and to only a limited extent at the expense of quartz. 
This is shown in the schist at the Prettyboy Dam. Figure 3 shows the 
boundary relations between albite and the micas and the way in which the 
albite eats its way into the micas. Figure 5 illustrates similar relations 
in a more quartzose portion of the rock. The large metacryst in the center 
of the figure has clearly grown by replacing micas and quartz, and numer- 
ous islands or remnants of quartz are left within the crystal. The lack 
of inclusions of the accessory minerals and the islands of quartz are evi- 
dence that this albite crystal occupies space that was once chiefly quartz. 
The more common character of the albite is illustrated by figure 3, in 
which the abundance of inclusions in parallel alignment proves that the 
albite occupies space that was once filled with micas. 

In the replacement of the micas the accessory constituents have been 
preserved, and their arrangement corresponds to the structure of the re- 
placed minerals. The Prettyboy Dam rocks afford magnificent examples 
of such helicitic poikiloblasts (figures 3 and 4). They prove that the 
crinkling and puckering of the schist during metamorphism preceded the 
development of the albite. The stream lines of the inclusions in the albite 
pass continuously and without interruption or disturbance into the lines 
of schistosity of the micas, as illustrated in figure 3. Folds within the 
micas, as shown in figure 2, are faithfully reproduced by the inclusions in 
the albites, as in figure 4. These fossilized textural features are not only 
continuous in individual albites, but extend uninterrupted across several 


5 Bruno Sander: Beitriige aus den Zentrallapen zur Deutung der Gesteinsgefiige. 
Jahrb. der k.-k. Geol. Reichsanstalt, vol. 64, 1914, pp. 593-594. 
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individuals within a porphyroblast. The folding preserved in the albites 
of figure 4 was completed prior to their development. The lack of granu- 
lation and undulatory extinction in the albites indicates that the dynamic 
metamorphism that gave rise to the schistose structure of the rock was 
practically at an end before the albite was formed. 


RELATION OF ALBITIZATION TO DYNAMIC METAMORPHISM 


In most instances the evidence is clear that albitization occurred subse- 
quent to the movements within the rock that developed its schistose 
structure. It may have occurred immediately at the end of the dynamic 
metamorphism or at some later time. But there are many examples of 
regular arrangement of the inclusions within the albite in which the 
stream lines appear discordant to the structure of the surrounding min- 
erals. This has led some geologists to place the time of formation of the 
albite during the dynamic metamorphism and to explain the discordance 
as due to rotation of the albites while they were being formed. 

Pumpelly, Wolff, and Dale ® describe the inclusions as parallel to the 
bending of the rock and the micas as bending around the albites in gentle 
curves. Their Plate VIII, B, cited to illustrate the latter relations is not 
convincing. Their conclusion that the feldspars evidently crystalized con- 
temporaneously with the other minerals of the rock is not in harmony 
with their recognition of the preservation of the structure of the rock in 
the arrangement of the inclusions. They have apparently placed the time 
of the development of the feldspars too early in the history of the schist. 

Teall? and his coauthors in the account of the geology of Cowall con- 
sider the albites formed later than the mass of the movements but not 
necessarily later than all of the movements. The albites of the Cowall 
schists never show stretching or clear deformation. On the other hand, 
the inclusions not uncommonly run different from the foliation, suggest- 
ing that the albites have received a twist. Against the adequacy of this 
explanation they cite the even foliation and abrupt termination of the 
micas against the “twisted” albites. Teall recognizes there is considerable 
confusion in the arrangement of the micas with their broad faces occasion- 
ally at right angles to schistosity. He did not point out that the replace- 
ment of such mica by albite would yield inclusions discordant with the 
schistosity and give a false appearance of “twist” to the albites. 


*Raphael Pumpelly, J. E. Wolff, and T. Nelson Dale: Geology of the Green Moun- 
tains in Massachusetts. U.S. Geol. Survey Mon. 23, 1894, p. 62. 
7 Loe. cit., pp. 39-43, 76, and 299-300. 
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Cunningham-Craig ® recognizes only concordant inclusions and the 
preservation of minute puckering and folding which he ascribes to the 
latest movements in the rocks, proving that the albite developed since 
movement ceased. He believes the albites were produced by constructive 
metamorphism which he defines as thermal or hydrothermal in character. 

Van Hise ® gives a very apt description of the relations of helicitic 
poikiloblasts to their surrounding minerals. He says the ground mass 
minerals terminate abruptly at the junction with the porphyroblasts as if 
their outline had been carefully cut out and the porphyroblast nicely fitted 
in. The crystals developed under what he calls mass-static conditions 
after movement had ceased. 

Sander ’° believes that most of the movement in the schist preceded 
albitization, but that occasionally crinkling continued during the process 
and often continued after. His figures 9 and 10, plate 38, illustrate helici- 
tie poikiloblasts of albite, in one of which folding very similar to figure 4 
is shown. In his figure 9 is a large albite with parallel rectilinear inclu- 
sions beyond which the mica is crinkled. This he interprets as evidence 
that folding in the mica followed the formation of the albite and that the 
albite protected the inclusions from folding. Yet in an almost contiguous 
albite in the same slide he shows beautifully preserved crinkling! A few 
smaller albite crystals between the two large ones he considers broken 
fragments, evidencing a continuance of movement after the formation of 
albite. Their irregular ragged outlines are more suggestive of albite de- 
veloping by replacement! Sander’s illustrations afford no warrant for 
his conclusion that crinkling and movement continued after albitization. 
In so far as their evidence may be conclusive, it is that albitization 
occurred after movement ceased. 

Goldschmidt 1 describes kataclastic shattering in albite porphyroblastic 
schists but under conditions of metamorphism influenced by igneous in- 
trusion. The albite is oligoclasalbite. The rocks are not exact counter- 
parts of the Wissahickon schist, and they probably did not form under 
identical conditions. 

Bailey '* presents a very suggestive argument in support of movement 


8. H. Cunningham-Craig: Metamorphism in Loch-Lomond District. Quart. Jour. 
Geol. Soc. of London, vol. 60, 1904, pp. 20-21. 

°C. R. Van Hise: A treatise on metamorphism. U.S. Geol. Survey Mon. 47, 1904, pp. 
701-705. 

10 Loc. cit. 

1V. M. Goldschmidt: Geologische petrographische Studien im Hochgebirge des siid- 
lichen Norwegens. V. Die Injektionsmetamorphose im Stavanger-Gebiete. Viden- 
skapseelskapets Skrifter, I Mat. Naturw. Klasse, No. 10, 1920, pp. 81-82 and 133. 

2. B. Bailey: The metamorphism of the Southwest Highlands. Geol. Mag., vol. 
60, 1923, pp. 328-330. 
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during albitization through an ingenious interpretation of one of Teall’s 
illustrations. Teall’s plate VI, figure 1, shows a large albite crystal with 
parallel rectilinear inclusions that are curved in opposite directions near 
the margins, suggesting a rotation of the crystal; but the crystal has not 
been strained. Bayley believes that toward the end of the growth period 
such porphyroblasts suffered rotation, and what were at that time un- 
enclosed adjacent foliation planes were pulled down on one side and up 
on the other side. Continued growth of the crystal enveloped the bent 
planes of foliation. Bayley says that crystals enclosed in a schist sub- 
jected to shearing stress may respond either by deformation by rodding 
or else by rotation. “Rodding occurs where the mineral is in a figurative 
sense ‘dead’ and therefore a comparatively easy prey to disintegration.” 
The apatite crystal in figure 1 illustrates this rodding effect. ‘Rotation 
occurs where the mineral is ‘alive’ and actively growing; in this latter 
case, chemical attraction seems to endow the crystal with additional powers 
of resisting deformation by disruption, so that, instead of shearing in 
company with its deformative matrix, it merely rotates.” Though it is 
not impossible that micas immediately in contact with an albite porphyro- 
blast may act as a lubricating or plastic layer that would protect the albite 
from rodding by permitting it to rotate, certainly only very small move- 
ments could be compensated in that way. Even though the plausibility of 
this interpretation be admitted, it can hardly move the time of formation 
of the albite appreciably forward into the period of dynamic meta- 
morphism. 

Knopf and Jonas,’* in their description of the Wissahickon schist in 
Pennsylvania, state that the alignment of the poikilitic inclusions is paral- 
lel to the schistosity in some specimens and inclined to it in others. 
Though it may be hard to escape the conclusion that the discordant align- 
ment is caused by a rotation of the metacrysts, they find it at least equally 
difficult to understand why the adjustment did not keep pace with the 
development of the foliation and manifest itself by an elongation of the 
metacryst parallel to the foliation planes. They suggest that the rotation 
of the metacryst may be connected with a second period of metamorphism, 
the existence of which is indicated by a fine foliation that crosses the first 
foliation at a steep angle. But the final growth of the albites occurred 
subsequent to all shearing movements in that the replacement contacts of 
micas and albite are undisturbed. According to this view one must, there- 
fore, either postulate additional growth of earlier formed albite metacrysts 
at the second period of foliation, of which there is no evidence, or hold that 


13 Loc. cit., pp. 29-30 and pl. 2, A. 
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all of the albitization occurred at this later time. The latter view would 
place albitization later than the end of the primary dynamic meta- 
morphism of the rock. The inclusions in the albite of the Pennsylvania 
Wissahickon schist are described as showing no evidence of crumpling or 
distortion in linearity. Such distortion is a common feature of the schist 
at the Prettyboy Dam (figure 4). 

It appears certain that albite metacrysts in schists of the Wissahickon 
type formed by replacement either near the very end of dynamic meta- 
morphism or at some later time. The evidence for the former view is the 
frequent discordance between the alignment of the inclusions in the albite 
and in the surrounding or enclosing micas. There is no apparent reason 
why a mineral that occurs in such abundance as does the albite in portions 
of these schists should be formed only at the very end of the movements 
producing foliation, if it were formed as a part of the process of dynamic 
metamorphism. Despite the suggestive fitness of the explanation to the 
appearance of the phenomenon, the mechanics of the rotation idea is 
difficult to accept. One has the feeling that much of the discordance may 
be apparent rather than real. Suppose in figure 2, following the concept 
of Van Hise, one cut out spaces for albite metacrysts and then carefully 
fit them in with their inclusions oriented exactly as they were in the mica 
that was cut out, one could so locate many of them that their inclusions 
would be discordant with the inclusions of the enclosing mica. The dis- 
cordance would be due to the crinkling, puckering, and many shear slips 
in the micaceous layers of the schist. May not this be the reason for much 
of the discordance observed in the rocks? Albitization appears, there- 
fore, to have taken place subsequent to dynamic metamorphism under 
conditions termed mass-static by Van Hise. 


SOURCE OF ALBITE CONSTITUENTS 


Inasmuch as the albite is a replacement of preexisting minerals, the 
question arises as to whether constituents of the albite were introduced 
from without or whether the replacing solutions merely reworked the con-" 
stituents of the rock undergoing replacement. Most of the geologists who 
have discussed the chemical composition of the albite schists have con- 
cluded that the constituents of the albite were present in the sediments 
from which the schists were derived and have considered what type of 
sediment might give rise to schists of such composition. 

Cunningham-Craig '* believed the albite schists of the Loch Lomond 
district were formed by the action of dynamic and constructive meta- 


% Loc. cit.. p. 22. 
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morphism on feldspathic grits and graywackes. Knopf and Jonas ** hold 
that in the Wissahickon schist there is no evidence of introduction of soda 
from without and that the albite was formed by recrystallization of soda- 
bearing minerals present in the original sediments. In their discussion of 
the Wissahickon schist of the McCalls Ferry-Quarryville district ** they 
consider the original sediment a feldspathic mud rich in potash feldspar 
and white mica. The analysis of the schist which they considered shows 
an equivalent of 45 per cent muscovite, which is higher than the average 
muscovite content of the Prettyboy schist. Their sample had an unusually 
high potash content rather than soda. The Wissahickon schist of Balti- 
more County ** they regard as the metamorphosed equivalents of inter- 
bedded arenaceous and argillaceous sediments with abundant arkosic beds. 
Bailey ** believes the albite schists of the Southwest Highlands resulted 
from metamorphism of greywacke shales, and that although migration 
of material has certainly occurred, it was only on a small scale and of a 
strictly intraformational character. Despite this conclusion, he cites the 
occurrence of small quartz-albite pegmatite veins in the schists and the 
possibility of an igneous source of the albitizing solutions. In the absence 
of any more definite evidence of igneous intrusion, he considers the peg- 
matites products of the metamorphism and derived from the schists which 
they traverse. 

Teall and his coauthors ** suggest the possibility of a considerable im- 
pregnation with soda in the formation of the albite schists of Cowal. The 
strongest statement in favor of addition of material from without is made 
by Goldschmidt *° in his description of the rocks of the Stavanger district. 
Goldschmidt writes that with increasing metamorphism there is an in- 
crease in soda and silica introduced from a magmatic source. He con- 
siders the albitization a typical example of metasomatism in which soda 
and silica are precipitated from circulating solutions at the expense of ] 
silicates with an excess of alumina. Attention has already been directed 
to the fact that Goldschmidt is dealing with a case of metamorphism 
under the influence of igneous intrusions, and his conclusions are not 
necessarily applicable to the albitization in the Wissahickon schist. 

The problem is one concerning which it is very difficult to secure direct 
evidence. The usual method of attack, the comparison of average analy- 


15Bleanora Bliss Knopf and Anna I. Jonas: Stratigraphy of the crystalline schists 
of Pennsylvania and Maryland. Am. Jour. Sci., 5th ser., vol. 5, 1923, p. 47. 

1% Loc. cit., 1929, p. 32. 

17 Maryland Geological Survey, Baltimore County Rept., 1929, p. 174. 

1 Loc. cit., 323, 325. 

1° Loc. cit., p. 40. , 

20 Loc. cit., pp. 109, 133. 
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ses of sediments of the sort from which the schist is supposed to be derived 
with one or at most a few analyses of the albitized schist, is open to the 
objection that the analyses are not necessarily equivalent. In the few 
cases in which it has been possible to compare the analysis of the sup- 
posed unmetamorphosed equivalent of the albite schist with the analysis 
of the schist, the same objection applies. There can be no certainty that 
the samples were derived from the same horizon, and even within the 
same group of beds there are wide variations in composition. Since sedi- 
ments of the requisite composition are not of an unusual character and 
since there is no definite evidence of the introduction of soda or of a 
probable external source of soda, it seems reasonable to assume that the 
albite was formed from original constituents of the schist that were taken 
into solution and redeposited as albite. The interchange of constituents 
probably took place under the mass-static conditions that immediately 
succeeded the mass-mechanical action under which the foliation of the 
schists was developed. 


STRUCTURE OF THE SCHIST AT THE DAM 


The foliation of the schist dips at a low angle across the dam site from 
east to west, so that on the east abutment it dips out of the hill and on 
the west abutment into the hill. 

Subsequent to the dynamic metamorphism and the development of the 
minerals, the rock was considerably disturbed and broken by tectonic 
movements. These movements opened the rock along planes of schist- 
osity and formed many intersecting joints that divided it into irregular 
polygonal masses. Movement occurred along many of these planes, so 
that faults both parallel to and transverse to the bedding are common. 
The rock is also traversed by smaller irregular fractures. The extent 
to which the rock has been broken in these ways is shown in figure 6, which 
is the log of one of the Calyx drill-holes. 

These structural features caused great difficulties in the excavation of 
the dam site and made it necessary to remove much more material than 
the specifications called for. Preliminary borings of the site indicated 
an average depth of 8 feet of soil and weathered rock overburden down 
to fresh sound rock suitable for the dam foundation. On reaching the 
fresh rock however it was still very difficult to prepare a bottom of solid 
rock on which to rest the dam. When a line of holes was drilled and 
shot, much of the force of the explosion was spent in lifting the rock 
along its planes of foliation. It broke across those planes with much 
greater difficulty and with a very irregular and ragged fracture. Rock 
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Ficure 6.—Log of a Calyv Drill-hole 


Shows highly faulted and fractured character of the rock at the Prettyboy Dam. 
Nearly horizontal, wavy lines are schistosity. Heavy lines are faults and joints. Irreg- 


ular fractures are shown schematicly by irregular, branching lines. 
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that was originally sound, after shooting was loosened along planes of 
foliation to such an extent that it had to be removed. Efforts were made 
to overcome this trouble by drilling shorter holes and loading them with 
smaller charges of dynamite, but without much success. Large masses 
of rock bounded by intersecting joints and opened planes of schistosity 
slipped out of place and had to be removed, enlarging the size of the 
excavation beyond what was required for the dam. The problem was 
finally solved by cutting the rock with wire saws instead of blasting it out. 
So far as known this is the first use of wire saws to cut such highly quart- 
zose rock. Their use has been restricted to softer rocks like slate and 
marble. The contractor deserves much credit for his enterprise in thus 
enlarging the field of usefulness of the saws. The many inquiries which 
he has received indicate that the practice will be widely adopted where 
similar rock conditions are encountered. 


WEATHERING OF THE SCHIST 
THE WEST ABUTMENT 


At the beginning of the excavation of the west abutment, fresh rock 
was encountered at the normal depth of about 8 feet below the surface. 
Toward the west end, however, the overburden was underlain by soft rusty- 
looking, iron-stained rock that disintegrated and behaved like overburden, 
but in which the original textures of rock in place were completely pre- 
served. As benches at successively lower elevations were extended into 
the hillside they would pass from sound fresh rock into this rotten rock. 
The boundary between the two materials proved to be a fault striking 
north 45 degrees west and dipping about 45 degrees to the southwest. 
The weathered rock was on the hanging wall side of the fault. The top 
bench had been excavated down to the 450-foot level and carried back to 
the line of the west end of the dam structure without encountering fresh 
rock on the hanging wall side of the fault. At the same time the three 
walls of the opening had caved to the angle of repose of the incoherent 
material. At the back wall the height of the overburden was 100 feet. 

The hanging wall of the fault was then prospected by core drilling on 
the 450-foot level to determine the character of the underlying rock and 
the depth at which fresh rock would be encountered. Because of the in- 
completeness of the record afforded by the cores of the 114-inch preliminary 
bore holes and the importance of the problem at this part of the site, it 
was decided to drill the holes with the 3-foot Calyx drills that were being 
used for the wire saws so that the geologist could record a complete log 
of the holes by descending them. In this way not only the character of the 
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rock was determined but also the number and directions of the faults, 
joints, and fractures. Figure 6 is the log of one of these holes. Fresh 
rock was encountered at approximately the same depth in all of the holes 
and excavation west of the fault was carried low enough to provide a 
sound foundation. Figure 7 is a vertical section of the excavation at 
the west abutment parallel to the direction of the dam. 


FRESH ROCK EXCAVATED 
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FIGURE 7.—Cross-section west End Prettyboy Dam Foundation 


Showing depth of weathered rock on hanging wall side of fault and large amount of fresh 
rock that had to be excavated due to jointing and parting along planes of foliation. 


This is probably the first time that core drill-holes 3 feet in diameter 
have been made for exporatory purposes. The certainty and complete- 
ness of the results they yielded in a problem of such moment warranted 
their use in this case. 


PETROGRAPHIC DESCRIPTION OF THE WEATHERED SCHIST 


Despite the extremely weathered appearance of the rock and its lack 
of coherence, microscopic examination shows that the constituent minerals 
have suffered no recognizable decomposition. The micas, both chlorite 
and muscovite, look the same in thin sections of the weathered rock as in 
thin sections of the fresh rock. Even the albite retains its fresh appear- 
ance without any suggestion of incipient alteration. The only apparent 
difference between the weathered rock and the fresh rock is that the 
former is traversed by limonite stains. The limonite was deposited along 
the cleavage planes of the micas and along the contact surfaces of the 
minerals. The minerals of the weathered rock are consequently separated 
from each other by a thin film of iron hydroxide. Even the quartz 
layers, which in the fresh rock in plane polarized light do not show the 
outlines of the individual grains, have the outlines of the grains clearly 
traced by rusty lines as seen in figure 8. 
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The rock has been thoroughly saturated by oxygenated surface waters. 
These waters have penetrated the contact surfaces of the minerals and 
the cleavage planes of the micas, destroyed the bond between the minerals, 
and deposited limonite along those contacts. The restriction of this deep 


FicurE 8.—Weathered Schist 
Showing quartz grains outlined by films of limonite. x 42. 


weathering to the hanging wall side of the fault suggests that the move- 
ment along the fault had strained and opened the rock and made it more 
penetrable by surface waters. 


CONCLUSIONS 


The albite porphyroblasts of the Wissahickon schist were formed by 
replacement of the micaceous minerals and to a less extent of the quartz 
and after the completion of dynamic metamorphism. The textures im- 
parted to the rock by dynamic metamorphism are retained in the albite 
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crystals through the preservation of the accessory minerals. The con- 
stituents of the albite are believed to have been present in the sediments 
from which the schists were derived, and were merely taken into solution 
and redeposited by the agencies that caused the albitization. 

What appears to be intensive weathering of the schist on the hanging 
wall side of a fault is disintegration of the rock and not decomposition 
of the constituent minerals. Rusty, incoherent rock that can be handled 
as common excavation shows even such minerals as albite fresh and 
unaltered. Oxygenated waters penetrated the rock along the contact 
surfaces of the minerals and along the cleavage planes of the micas, de- 
stroying the bond between them and depositing thin films of limonite 
without cementing value. 

The highly foliated character of the rock combined with numerous 
faults parallel and transverse to the foliation so greatly increased the 
quantity of rock that had to be excavated to prepare a suitable dam 
foundation when the rock was broken by shooting that wire saws were 
introduced to cut the rock. Exploration of the deeply weathered rock 
at the west end of the dam site was done with Calyx drill-holes 3 feet in 
diameter in order to obtain complete records both of the character of the 
rock and its structure. Two novel features of the work on this job are 
the use of wire saws in cutting highly quartzose rocks and the boring of 
3-foot eploratory core drill-holes. 
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THE NEED FOR NAMES 


Another example of overproduction to add to those already recognized 
is that of stratigraphic names. Rock strata are named to aid in the study 
of earth history and in their exploitation for human use. Either purpose 
may require giving a handle to any bed or part of a bed, however small, 
that differs from any other in character, quality, or stratigraphic position. 
The industrialist demands a name for each 2-foot coal bed or 18-inch ore 
bed that he may be mining. He gets little or no help from a geologic 
report that deals only with thick formations of varied character. The 
“Shenandoah limestone” of early folios, thousands of feet thick and out- 
cropping over wide areas, had little or no interest for him until geologists 
recognized, mapped, and described three thin, pure limestones occurring 
in the midst of that formation which were used by the lime and cement 
industries. Even today some of its 19 recognized members are 1,000 to 
3,000 feet thick and undoubtedly will be subdivided in the future. In 
the end the one name will probably give place to a hundred or several 
hundred names. 

Modern structural mapping, especially in oil or gas fields, requires the 
identification and designation of a multitude of minor elements of the 


1 Manuscript received by the Secretary of the Society December 4. 1931. 
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stratigraphic column. Coal measures are notorious for the number of 
thin beds of coal, clay, limestone, sandstone, shale, iron ore, et cetera, 
that they contain. In well-explored coal fields it is not uncommon to find 
as many as 100 to 200 named strata to the 1,000 feet, not counting local 
synonyms. 

Modern stratigraphers, no less than industrialists, find need for an ever- 
increasing number of names. Map scales are steadily increasing and the 
broad correlations of early days are giving way to tracing minute subdivi- 
sions, often with startling results. Stratigraphers have long recognized 
that most wide-spread beds, especially sandstones, are the result of migrat- 
ing conditions, and therefore are not contemporaneous throughout their 
extent. They have long recognized that the character of a bed that is 
solid and uniform at one place may change in a score of ways as it is 
traced from point to point. It may change laterally into one or more 
other kinds of rocks; it may split into two or more parts; it may be par- 
tially changed into some other rock. In studying or describing these 
changes the stratigrapher finds need for many names to designate the 
several rocks at one single horizon. 

So names have multiplied until today no normal human being can 
hope to learn even a fraction of them, much less remember their strati- 
graphic relations. Because of this, most stratigraphic papers have little 
appeal for the average geologist. He is likely to file them without read- 
ing them, much as the average reader today will pass over a magazine 
article full of foreign phrases with which he is unfamiliar, even though he 
has a dictionary at his elbow. There can be no question but that some 
simplification of our present methods would aid greatly, not only in 
stratigraphic studies themselves, but in a wider understanding of the 
problems involved. 

PRESENT NAMES 


Most present stratigraphic names consist of two words, the first a 
geographic name, usually of the place where the rock named was first 
seen or where it is well displayed, and the second a lithologic term de- 
scriptive of the rock. The number of lithologic terms used is not large, 
and they are familiar to many people. It is the thousands of geographic 
names that cause difficulty in reading or listening to stratigraphic papers. 


NaMInG PEOPLE 


The common method of naming people suggests a possible method of 
naming rock layers. People commonly have three or more names. Some 
people are identified by a single name, as Pluto, Gandhi, Shakespeare, 
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Napoleon. Others are sufficiently distinguished by two names, George 
Washington, Abraham Lincoln; or a man may be distinguished by the 
use of a title, as President Hoover, Premier Laval. But even among 
outstanding men it may be necessary to use a third name. There are 
thousands of Adamses, hundreds of John Adamses, but probably only 
one John Quincy Adams. In a book dealing with a single historic 
period or with a restricted locality it is not usually necessary, after the 
introduction, to use a man’s full name to identify him. A book dealing 
with events of today could readily distinguish “Secretary Adams” from 
others of that notable family without repeating his name in full each 
time. 


APPLYING THE SAME PRINCIPLE TO STRATIGRAPHIC NAMES 


To apply these principles to the naming of rock strata would involve: 
first, the use of what would correspond to the family name, for which 
purpose the use of lithologic names as at present would be logical ; second, 
there must be a name corresponding to the given name of a person, which 
in any description or paper of limited scope will probably amply identify 
a bed; and third, where necessary in broad papers or general discussions, 
to distinguish certainly a given bed from any other bed anywhere, there 
may be necessary a “middle name.” 

It would help greatly if our list of common, well-known, lithologic 
terms could be increased. This is partly accomplished by the addition 
of qualifying adjectives, indicating differences in color, in grain, in 
structure, etcetera. Terms indicative of origin or use are sometimes used, 
as “siltstone,” “glass sand.” ‘This part of the name presents little diffi- 
culty. 

A feasible scheme for “given” names that would distinguish rock layers 
without requiring so many such names as at present, would be to apply 
a single stratigraphic term to all of the beds in a limited part of the 
section, provided that the limits were small enough to insure that not 
more than three layers of any single type of rock are likely to occur within 
those limits. That principle has been applied in a loose way locally, espe- 
cially in the Coal Measures, where many thin, alternating beds are the 
rule. Thus we have today, “Pittsburgh sandstone,” “Pittsburgh rider 
coal,” “Pittsburgh roof shale,” “Pittsburgh coal bed,” “Pittsburgh under 
clay,” “Pittsburgh Upper, Middle, and Lower limestones,” “Little Pitts- 
burgh coal bed,” “Pittsburgh red shale,’ and so on. In this instance, 
one geographic name serves to identify accurately at least 10 different 
strata, and that number could be increased by greater use of upper, 
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middle, and lower. Suppose therefore we were to designate a certain 
part of the columnar section in the Appalachian-Mississippi Valley area 
of sedimentation as the Pittsburgh group; that name couid be applied 
to all the strata within the limits of the group, if there were not too 
many, making one geographic name serve to name and distinguish per- 
haps 15 to 30 separate layers. Furthermore, by the addition of a limited 
number of middle names, Pittsburgh could be used to locate roughly 
and to distinguish several hundred strata or phases of strata. A hundred 
such names for a hundred groups could conceivably cover 10,000 names 
or more. Indeed, by the multiplication of “middle” names the number 
could be increased indefinitely. 


USE OF MIDDLE NAME 


But here again, as with the names of persons, the same middle names 
ean be combined in turn with all of the first and last names. Thus, 
given 10 first names and 10 last names, 100 combinations may be 
formed, or 1,000 if 100 first names are combined with 10 last names. 
If now we add to the combination 100 middle names, we have 100,000 
possible combinations, sufficient it would seem to meet the present-day 
needs of both industrialists and stratigraphers. 

If therefore the whole stratigraphic column were divided into, say, 
100 subdivisions or groups and each group were given a name (or a num- 
ber) as a first name, and if these were combined with, say, 25 lithologic 
names, there would be possible 2,500 names without the use of middle 
names. With 100 middle names the possible combinations would in- 
crease to 250,000. 

ConcRETE ILLUSTRATIONS 


So much for the principle. How will it work in practice? Let us try 
a concrete example. The eastern United States during Paleozoic time 
constituted one province of deposition, at least to the extent that it is 
possible to determine roughly the correlations of all of its strata with 
each other. A chert at Camden, Tennessee, is declared to be of the 
same age as a sandstone at Oriskany Falls, New York; a limestone in 
central Pennsylvania is described as of the same age as a limestone at 
Saint Genevieve, Missouri, if indeed it is not continuous with it; a forma- 
tion at Rome, Georgia, is thought to be the same as a formation at 
Waynesboro, Pennsylvania; a coal bed at Blossburg, Pennsylvania, is be- 
lieved to be the same as a coal bed at Willard, Kentucky. The list could 
be extended or multiplied, almost indefinitely. Today these correlated 
beds bear different names in different areas. If in each instance one 
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name were selected and applied as far as correlations could be made, 
the number of names would be reduced by that much. Thus, to a New 
York geologist, Camden chert or Clear Creek limestone may convey no 
stratigraphic information. But call them Oriskany chert or Oriskany 
limestone and he knows at once that they belong in the upper part of the 
Lower Devonian. Suppose, however, that there are two different cherts 
of Oriskany age. In a paper of broad scope they could be readily 
distinguished by a middle name, as: Oriskany (Camden) chert and Oris- 
kany (Shriver) chert. In a paper covering an area in which only one 
of the two occurred, the middle name could be omitted or used only in 
the first formal introduction. 

To go a step farther: In the early days of American geology, the 
New York geologists divided the Devonian rocks of that State into 
nine named formations, and because of their priority these names have 
been used for correlation purposes over all of the eastern United States. 
But with the passage of time it has been found that these formations are 
lithologically complex, and so they have been broken up into many 
subdivisions which differ from one area to another. This has led to a 
great multiplication of names. Thus, the Helderberg limestone of the 
early geologists is now found to consist of at least five members: Keyser 
member, Coeymans limestone, Kalkberg limestone, New Scotland shales 
and shaly limestone, and Becraft limestone, not to mention other local 
names. To a handful of geologists working on that part of the geologic 
sections these are familiar and the names convey very definite meaning. 
But suppose Helderberg had become established all over the eastern 
United States as basal Devonian; wouJd not those names convey a 
definite meaning to a much larger group if the names above were used 
only as middle names as, for example, Helderberg (Coeymans) lime- 
stone? If, therefore, the geologists interested in the eastern United 
States were to learn nine names applied nearly 100 years ago to the 
subdivisions of the Devonian rocks in New York, they would have a key 
to the hundreds of names of Devonian strata in that part of the world. 

To give such a practice definiteness, it is desirable or necessary to as- 
sume that the Devonian period has been broken up into nine roughly 
equal time subdivisions, and that the nine named groups of rocks represent 
sedimentatton during each of these nine time subdivisions, so that the 
nine names cover all the Devonian rocks of the eastern United States 
whether their equivalents exist in New York or not. Thus, if a bed is 
found in Kentucky that is recognized to come between the Helderberg 
and Oriskany of New York, it must be included as a member of one or 
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the other according as its affinities are stronger for one than the other. 
In this it is assumed that geologic studies in the eastern United States 
have revealed all of its important rock formations and their approximate 
stratigraphic position, an assumption not altogether correct. 

It is proposed that the principle illustrated here for one area of sedi- 
mentation and one system of rocks shall be applied for each major area 
of sedimentation and for each system. 


THE SCHEME AS A WHOLE 


To give definiteness to the scheme as a whole it would seem desirable 
to start with time divisions. First, it is assumed that post-Algonkian 
time be divided into periods, preferably of nearly equal value. Accord- 
ing to time estimates by several geologists, the old subdivisions, Tertiary, 
Cretaceous, Carboniferous, Ordovician, ard Cambrian, much exceed in 
value or time equivalence the others. If the periods are to be even 
roughly equal, either the smaller units must be combined or the large 
units must be subdivided. Modern practice tends toward the subdivision 
of the larger time divisions, the Tertiary and Cretaceous into two each, 
the Carboniferous into three. Several proposals have been made for re- 
stricting Ordovician and Cambrian, and the recognition of one or more 
intermediate subdivisions. Granting the validity of one such inter- 
mediate period would yield 15 periods (including Quaternary just start- 
ing). 

Next, granting that each of these 15 periods (except the last) is divided 
into two, or more commonly three, epochs, there would result between 35 
and 40 epochs covering the whole of historic geologic time. If all of 
the rocks laid down during a “period” constitute a “system,” all the rocks 
laid down during an epoch constitute a “series,” and “series” is so de- 
fined and used here. If each epoch be pictured as subdivided into a 
small number (usually not over two or three) subdivisions, for which at 
present there is no generally accepted time name, the rocks laid down 
during each of these could be called a “group.” Thus a system would 
consist of two or three series and of about nine groups, the groups to 
cover all the rocks in the system. 

If next, within each major basin of sedimentation, a set of names be 
selected from those available for all of the groups represented in that 
basin, there would then become available a limited number of names, 
hardly more than 100 for any such major basin, which once learned, may 
serve as a key to the stratigraphic position of any rock layer within the 
basin, by using one of them as a first name, either with or without a middle 
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name, for the name of any bed. Thus, as applied to the Paleozoic rocks 
of the eastern Wnited States only about 24 such group names would be 
required to serve as a key to all the Paleozoic rock of that wide area, and 
most of the names that probably would be selected are already widely 
known and used. The whole section should be studied broadly in the 
light of modern knowledge to be sure that the group names chosen would 
be the best possible, taking account of long usage, familiarity, and 
stratigraphic completeness. 


A DEFINITE PROPOSAL 


It is therefore here definitely proposed that in order to simplify and 
coordinate the naming of rock strata the following procedure be used: 
First, agreement on the subdivision of geologic time into a number of 
periods of as nearly equal length as possible, and on names for those 
subdivisions. Second, agreement on the subdivisions of the several 
selected periods and corresponding systems into a small number of epochs 
and series, and on names for these epochs and series. Probably early, 
middle, and late for time, and lower, middle, and upper for rocks, com- 
bined with the name of the period or system, will serve except in the 
Tertiary, where Eocene to Pliocene are generally accepted. Third, agree- 
ment for each major basin of sedimentation—which may not be the same 
for different ages—on a small number of subdivisions of each epoch 
and series, the rocks of which will be known as groups. Fourth, the 
naming of any stratum within a group by the use of the group name as 
a first name, combined with a liothologic name, provided that “member” 
may be used where a lithologic term will not apply, and provided further 
that to distinguish between two or more layers of the same lithologic char- 
acters, where upper, middle and lower will not suffice, a middle name 
shall be used, as is done in distinguishing people. Fifth, where it is 
necessary to refer frequently to strata with a middle name to distinguish 
them from others in the same text, an initial may be used in place of 
the middle name, as is done for the names of persons. 

In closing it is desirable to note that “formation” has not now, nor 
has it ever had, any stratigraphic value. It is now and always has been 
applied to any rock or assemblage of rocks selected as a unit for mapping 
or description, whether the rocks selected are a bed 10 feet thick or a 
whole system 10,000 feet thick, whether sedimentary or igneous. The 
name “formation” therefore will serve in the future, as it has in the 
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past, as a handy and often necessary indefinite term to be applied to a 
rock or assemblage of rocks to be described or mapped. 
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CONTENTS 


THE PROBLEM 


Estimates of geologic time have expanded rapidly and radically during 
the present century. Many geologists have accepted the newer figures 
with hesitation, and some have expressed doubt that the geologic record 
justified them. As against the modern estimate of 60,000,000 years for 
Tertiary time, there still are geologic museums in which Mesozoic reptiles 
are dated only 6,000,000 years ago. This paper seeks to justify modern 
estimates from the geologic record itself. It makes no claim to new truth, 
but only to the presentation of new evidence and a new approach in sup- 
port of certain modern conclusions. 


FACTORS INVOLVED 


Time estimates based on the geologic record must use present condi- 
tions of climate and land surface as a measuring rod except where there 
is direct evidence to the contrary. It is frankly recognized that the 
problem has too many unknown or little-known elements to yield exact 
data. This paper is intended to show only that the geologic record does 
justify large time estimates in keeping with those derived from lead— 
uranium and other ratios. Time and space permit the presentation of 


1 Manuscript received by the Secretary of the Society December 7, 1931. 
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only a few concrete examples of time-consuming events gathered at 
random from the rock record. Taking the Appalachian region as a typical 
major region, and Pennsylvania as typical of conditions in the Appa- 
lachians, our study will be based largely on the geologic record in that 
State. 

Geologic time may be measured from the geologic record in three 
ways: First, by the record of sedimentation; second, by the record of 
solution, erosion, and stream transportation; third, by the record of 
changing life. Estimates by the first two methods depend on measure- 
ments of erosion and river transportation as determined today but taking 
account of surface relief, and character of sediments. Unfortunately our 
information on this subject is very limited. 


Erosion Factors 


Estimates based on measurements of the amount of matter carried 
annually in suspension by various rivers have yielded results varying from 
.001 to .02 inch if spread over the drainage area from which the matter 
was derived, with a weighted average, based on Babb’s ? figures, of .0023 
inch per year, equivalent to 1 foot in 5,263 years. Similar studies have 
been made of the amount of material carried in solution by various rivers, 
and estimates or measurements made of the quantity rolled along the 
bottom. The totals, of course, differ for different rivers, depending on a 
number of factors. 

The Mississippi is much the largest river basin for which such figures 
are available and includes a variety of conditons ; and although the figures 
obtained from that river may not be the average of such measurements as 
have been made over the world as a whole, they at least reveal the order 
of magnitude of river transportation today. Roughly it is estimated that 
the Mississippi Valley over its whole expanse is being lowered today at 
the rate of about 1 foot in 4,000 years. Undoubtedly the rate today is 
much faster than it was before man put so much of the surface under 
cultivation, and thus aided in the removal of its surface soils. On the 
other hand, its sediments do not include gravels or other course-grained 
deposits such as are represented in the sedimentary records by con- 
glomerates, which are fairly abundant and indicate rapid erosion and sedi- 
mentation. We may therefore assume, as a fair measure, that on the 
average, with the climate and topography of today, the earth’s land sur- 
face is being reduced an average of 1 foot in 4,000 years. 


2C.C. Babb. Science, vol. 21, 1893, p. 343. 
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THICKNESS OF Rocks 


The actual thickness of sediments at any point may be ascertained by 
the use of the drill or by measuring the edges of the exposed rocks. 

In Pennsylvania the rocks of the western part of the State have been 
penetrated by several hundred thousand drill holes, some of which are 
over 8,000 feet deep, and east of Allegheny Mountain the rocks have been 
measured where they have been widely exposed by folding and erosion. By 
means of these measurements a few of the formations are found to be 
remarkably regular and persistent throughout the State, but most of 
them prove to be very irregular, being several thousand feet thick in one 
part of the State, and thin or absent in another part. In general the 
formations thin from the southeast toward the north and west. It may 
be assumed, however, that measurements taken at properly spaced points 
over the whole State should give a fair average of all of the beds and, dis- 
regarding erosion, a fair measurement of the total deposition of sediments 
over the State during any given time. : 

Most of the rocks of Pennsylvania were laid down during Paleozoic 
time. For the moment let us confine ourselves to those rocks. Careful 
work by Butts in central Pennsylvania gives a total measured thickness 
of more than 22,000 feet. The section lacks at the top probably more 
than 2,000 feet of rocks known from other nearby areas, and at the bottom 
probably somewhere between 3,500 and 6,500 feet, say 4,000 feet; adding 
these gives a total of 28,000 feet. Surface exposures combined with drill 
records in the Pittsburgh area permit measurement of more than 9,000 
feet of rock reaching down only to the Upper Silurian. From records 
of wells through the lower Paleozoic in Ohio and the measurements in 
central Pennsylvania it has been estimated that possibly 8,000 feet of 
Paleozoic rocks underlie those penetrated in the Pittsburgh area, giving 
a total of about 17,000 feet. 

Northward toward Erie, it is estimated that there is a decided thin- 
ning of the rocks, partly because of interperiod erosion and partly because 
of (assumed) lack of the lower formation, as judged from drillings in 
Ontario; so that the estimated total thickness of the Paleozoic at Erie is 
only about 8,000 feet. 

Eastward from central Pennsylvania many measurements of the rocks 
have been made, but most of these are open to the possibility of error 
because of unseen or unallowed-for faulting or the minor folding of in- 
competent beds. By combining measurements from the Coal Measures, as 
found in the anthracite fields, to the base of the Cambrian, as found 
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in southern Pennsylvania, a total average thickness is indicated for east- 
ern Pennsylvania of between 25,000 and 30,000 feet. 

Based on these figures, a weighted average indicates an average total 
thickness of Paleozoic rocks for the State of about 4 miles, and a total 
volume of rocks, allowing for folding, of more than 200,000 cubic miles. 

If we assume that the laying down of that body of sediment was equiva- 
lent to its erosion from some other area and took as long, and use the 
factor of 4,000 years to the foot, the time involved is 84,480,000 years for 
all of Paleozoic time. 

BrEAKS IN THE RECORD 


Then comes the question, How completely is Paleozoic time repre- 
sented in Pennsylvania? As indicative of conditions, it may be noted 
that only the base of the Permian is represented; that about half of 
Missisippian time is not represented; and that there are gaps such as 
that represented by the Blount series of the Southern States, 8,000 feet 
thick in Tennessee. 

If we assume, as the writer has done, that each period is divided into 
three epochs, and each epoch into three smaller time divisions, which the 
writer has called “decims,” the eight periods of the Paleozoic (including 
Canadian) contain 72 decims, of which, according to recent correlations, 
14, or about one-fifth are not represented by rocks in the stratigraphic 
column of Pennsylvania. That in itself would suggest that our time 
estimate is at least one-fifth too small. 

Examining the stratigraphic column more carefully, we find evidence 
of other time breaks of a second order; that is, places in the column in 
which the rock strata of that age in Pennsylvania are so'thin as to suggest 
that only part of a time unit is represented. 

For example, Pottsville time is represented in the southern Appalach- 
ians by several thousand feet of sediments (up to 7,000 feet in Alabama), 
whereas in western Pennsylvania only the uppermost Pottsville with a 
thickness of 60 to 300 feet is found. Doubtless had conditions been 
favorable for sedimentation all through Pottsville time, the Pottsville 
formation in Pennsylvania would have averaged not less than 1,000 feet 
and possibly several thousand. But during the time when lower and 
middle Pottsville rocks were being laid down in Alabama and other States, 
the Mississippian rocks already laid down were being eroded in western 
Pennsylvania and carried elsewhere, reducing beds that are 3,000 to 4,000 
feet thick in eastern Pennsylvania to a thickness of only 200 to 300 feet in 
northwestern Pennsylvania. 
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Below that it has been shown that Middle Mississippian is represented 
in southwestern Pennsylvania only, and there only by a limestone 40 to 
60 feet thick. Furthermore, the upper part of the Lower Mississippian 
appears to be unrepresented in Pennsylvania. 

Without carrying these missing members of the second order further, 
let us go still deeper into the matter as revealed in the detailed stratig- 
raphy of the Coal Measures. 

Case 1. The Conemaugh group in western Pennsylvania is about 600 
feet thick in Allegheny County and 900 feet thick in Somerset County. 
Careful work has shown that the section in Allegheny County, which 
appears to be complete, really lacks three members that occur in the 
upper Conemaugh in Somerset County. In brief, there is an unsuspected 
sedimentary break of at least one-third in the Allegheny County section. 
Comparing sections of the Coal Measures from State to State shows 
many similar breaks. 

Case 2. Nearly every widespread sandstone of the Coal Measures 
appears to have been laid down on an older erosion surface, indicating 
previous uplift and partial erosion of the uplifted surface. Because of 
this it is evident that every section of Coal Measure rocks lacks repre- 
sentation of many parts of the time scale, partly because of no deposition, 
and partly because of removal of material previously deposited. 

Case 3. Detailed study of the coal beds and their associated rocks 
shows that sediments laid down at one place are quite lacking elsewhere. 
For example, split coal beds occur in most fields. A 5-foot bed in one 
area may in an adjoining area be divided into two beds, having a com- 
bined thickness of 5 feet but separated by 50 feet or more of intervening 
shales and sandstones. Obviously the 5-foot bed where not split does 
not tell the whole story. In the Illinois-Indiana field the No. 5 bed is 
normally and generally overlain by a black, sheety, marine shale, appar- 
ently deposited immediately (in time) on top of the coal bed. But in a 
few places a considerable thickness of brown, plant-bearing shale inter- 
venes between the coal and the black shale. Obviously the brown shale 
represents deposits of a fragment of time not generally represented in that 
area. No single section of the Coal Measures has more than a small 
fraction of representatives of all of the different units of deposition. A 
coal bed 16 feet thick in one place may average less than 2 feet and is so 
reckoned in any average thickness of the Coal Measures. A persistent 
limestone in one area may be represented by only a line of limestone 
nodules in another. An evaluation of these factors indicates that any 
single section of the Coal Measures lacks representation of 80 to 90 per 
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cent of Coal Measures time, and that any estimate of that time based 
purely on the estimated time necessary to lay down a single blanket of 
rocks of the average thickness of those measures must be multiplied 5 to 
10 times to arrive at a correct estimate. 

What is true of the Pennsylvanian Coal Measures may not be true of 
the rock record of other ages. Unfortunately most of the other rock 
sections have not been studied so minutely or do not lend themselves to 
such detailed examinations. Nevertheless, evidence is not lacking that 
the rock record, even in an area of as thick sediments as occur in the 
Appalachian province, is very fragmentary. Wherever it is possible to 
make and follow small stratigraphic units, the same evidence of an im- 
perfect record appears. Any one judging of Devonian time from the 
sediments of central or western Tennessee would have a very poor opinion 
of that period, as compared to an opinion formed in northeastern Penn- 
svylvania, where Devonian sediments are 8,000 to 9,000 feet thick. Mod- 
ern studies seem to indicate that where beds thick in one area are thin 
in another, the difference is more commonly due to a lack of certain 
elements in the thinner section rather than to a general thinning between 
the two areas. 

The following table from the Pennsylvania Geological Survey Bulletin 
(i-1, Geology and Mineral Resources of Pennsylvania, indicates the larger 
gaps, and the differences of thickness in several parts of the State sug- 
gests the extent to which sediments in one part of the State are lacking 
in the other parts. These figures should also be compared with the thick- 
ness of the same formations in other States. 


Time ESTIMATES BASED ON SEDIMENTATION 


Without tiring the reader with details, the point is made that the 4 
miles of thickness of sediment in Pennsylvania probably represents only a 
small fraction of the time elapsed during which they were deposited. 
Certainly the elapsed time was at least twice as long as that indicated 
by the deposits found today, and it was probably several times as long— 
possibly five times or even more. But five times our original estimate of 
84,000,000 years, is 420,000,000 years, in close accord with modern esti- 
mates of Paleozoic time. 


EROSION FOLLOWING FOLDING 


To check these results let us turn to another side of the record. Fol- 
lowing the laying down of an average of 4 miles of Paleozoic sediments, 
in Pennsylvania those sediments were folded with accompanying shorten- 
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ing of the earth’s crust. Just how much elevation of the upfolded strata 
took place at the time of folding is not known, nor does it matter for 
present purposes. Since the end of the Paleozoic sedimentary period, 
folding combined with subsequent uplift has raised the folded rocks to 
their present positions. If the eroded tops of the folds were restored, 
they would be today several miles high. Thus, in the great anticlinal 
fold east of Allegheny Mountain at least 24,000 feet of rock have been 
removed. It seems probable that a considerable portion of that elevation 
has been the result of subsequent uplifts. Nevertheless, regardless of the 
time when, it would appear than 24,000 feet is a measure of the total 
erosion. 

As seen today from any high elevation the horizon of mountain tops 
in Pennsylvania appears to be remarkably level, suggesting that they 
represent slightly reduced remnants of a once widespread peneplain, 
which has been called the Schooley peneplain. The increasing elevations 
of these level-crested mountains, from 400 feet in the southeast corner of 
the State to 3,200 feet in Somerset County, west of the center of the 
State, is interpreted as the result of deformation of this old surface. 

When examined in detail, the problem is not nearly as simple as it 
appears. Here and there are ridge tops that vary hardly 50 feet in eleva- 
tion in a score of miles. Such a ridge top would justly be judged to have 
been reduced but little from the old peneplain. But nearby ridges or 
elevations may rise several hundred feet higher. Obviously, granting 
that the Appalachian region as a whole has been peneplained except for 
a few unreduced residuals, the whole surface is being reduced today at 
rates that vary with the resistance of the rock and other conditions, 
such as intermediate periods of standstill, local retardation while the 
drainage cut across some resistant ledge, and so on. If the present rate 
of reduction of the rocks can be determined, it should be possible to esti- 
mate roughly the total time required to reduce the mountainlike folds 
that would exist if all of the eroded rock were restored. 

No definite figures of rock removed by streams in Pennsylvania are 
known to the writer. The best that he knows are partial figures from 
the Potomac basin, which indicate a rate twice as fast as for the Missis- 
sippi basin as a whole, or one foot in 2,000 years. Then comes the ques- 
tion : If the surface as a whole is being lowered 1 foot in 2,000 years, how 
fast are the hardest or mountain-forming rocks being lowered ? 

In central Pennsylvania where the rocks commonly stand on end, 
differential erosion has resulted in wide valleys in the soft rocks, separated 
by narrow ridges formed by the hard rocks. Were it possible to determine 


a 


A 
d 
h 
re 
t 
n 
Pp 
WwW 
2 
Vi 
0 
fr 
th 
se 
: as 
a 
: 
| 


EROSION FOLLOWING FOLDING 485 


the hypothetical elevation of the original peneplain surface, if there was 
one, from which the present downcutting started, it would be possible to 
reach a series of ratios that would give us the relative rate of reduction of 
the mountains. At present, the valleys of central Pennsylvania lie from 
600 to 1,800 feet below the level of the highest nearby mountain ; perhaps 
1,200 feet would be a fair average between valleys and mountains. 

Most writers on the subject of the Appalachian peneplains, after having 
studied the present level tops of the mountains, have implied, if not 
stated, that the higher mountains have been reduced a few score of 
feet at most from the peneplain surface. If we assume 50 feet, that 
would mean that while the mountain tops were being reduced 50 feet the 
valleys were being reduced, say 1,200 feet or as 24 to 1 (1,200 to 50). 
That ratio seems too high. If that ratio held and it be estimated that the 
valleys are being lowered 1 foot in 2,000 years, the mountain tops would 
require 48,000 years to be lowered 1 foot. If the arch in central Penn- 
sylvania just east of Allegheny Mountain were restored, it would seem 
that she rocks of Allegheny Mountain must have been cut down over 
20,000 feet, requiring 960,000,000 years at the rate of 1 foot in 48,000 
years. 

Taking account of all the facts, the writer is inclined to put the re- 
duction of even the highest of the level-crested mountain tops at several 
hundred feet. Let us take 300 feet for the present highest and most 
resistant formations; that would mean a ratio of reduction of mountains 
to that of valleys of 1 to 5 (300 feet to 1,200-+300 feet). Again, we 
may assume 1 foot to 2,000 years as the rate for the valleys, which gives 
1 foot to 10,000 years as the rate of reduction for the mountain tops. 


TimME ESTIMATES BASED ON EROSION 


To reduce rocks forming Allegheny Mountain from their former 
position at least 20,000 feet above the rocks in the center of the arch, 
would have required, at the rate of 1 foot in 10,000 years, a total of 
200,000,000 years. 

Clearly our problem has too many guessed-at factors to have any real 
value, except to show that, taking full account of known factors, 200,- 
000,000 years seems reasonable. Two hundred million years is not far 
from modern geophysical estimates of the length of post-Carboniferous 
time. Among factors tending to increase that estimate and thereby off- 
set other factors that might tend to shorten it, are the existence of several 
assumed periods of standstill, during which the surface was reduced to a 
peneplain and little or no further erosion took place until the next uplift 
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occurred. Also, account must be taken of the possibility that much of the 
area was below sealevel during part of Cretaceous and possibly part of 
Tertiary time, even though deposits of those ages are lacking over most 
of the State today. 


Time EsTIMATES BASED ON THE LIFE RECORD 


There is still to be considered the bearing of life changes as recorded 
in the rocks. It is well known that between adjoining beds such changes 
are usually sufficiently marked to make possible identification of the 
separate beads. In many instances these changes are slight; in others, 
there may be a complete change from one layer to the next. Ulrich has 
stated that not a single species is known to cross the upper or lower bound- 
ary of his Ozark formation. How long a time break does such a biologic 
break represent ? 

Among the later rocks it seems to have required two whole periods to 
accomplish a complete change in the faunas of the time; for example, it 
required all of Tertiary time—usually rated today as two periods—to 
make a complete change from the forms at the beginning of Tertiary 
time to those of the present. It will be recalled that Eocene has a small 
percentage of living species, Oligocene a larger percentage, Miocene about 
40 per cent, Pliocene about 95 per cent. If that rate were to apply to the 
earlier rocks wherever there was a complete or nearly complete biologic 
break, it is obvious that the time estimates in the early part of this paper 
might be lengthened almost indefinitely. 


CONCLUSION 


It is not the purpose of this paper to attempt to prove that the length 
of geologic time could be derived from the geologic record alone; much 
less to derive such a time estimate. It will have served its purpose if 
it stimulates thought and further study, and if it demonstrates that mod- 
ern estimates of geologic time are not incompatible with the rock record. 
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THE PROBLEM TO DATE 


There is no question but that limestone may be formed in a number 
of ways, nor are we yet in a position to determine the relative importance 
of numerous agents in the formation of the bulk of our pure and impure 
fine-grained, nonfossiliferous limestones from the pre-Cambrian to the 
Tertiary. There is plenty of field evidence as to the clastic origin of 
limestone, and R. C. Wells, Williams, Johnson, and others have shown 
the possibility of a purely physical precipitation of fine-grained calcium 
carbonate. Recently Parker D. Trask? has stated that he has found 
“salinity to be a major factor governing the deposition of calcium car- 
bonate.” This statement should be given serious consideration, as it is 
founded upon 3,000 samples of shallow- and deep-water marine muds 
collected from all parts of the world. But it should be noted that Trask 
found that the bottom sediments contained a higher percentage of calcium 
carbonate when they were covered by water of higher salinity. The 
cause of the precipitation of calcium carbonate is not necessarily the re- 
sult of the higher salinity of the seawater. Unfortunately, since Drew’s 
brilliant suggestion in 1911 that bacteria might be an important factor 
in the precipitation of calcium carbonate, numerous investigations along 
this line, especially by Americans, have led to the growing belief that 
bacteria are a negligible factor. It would appear that these conclusions 
were reached largely because (a) suitable and sufficient studies of the 


1 Manuscript received by the Secretary of the Society January 29, 1932. 
2 Relation of calcium carbonate content of sediments to salinity of the surface water. 
Abstract, Bull. Geol. Soc. Am., vol. 42, 1931, p. 34. 
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marine muds had not been made by the American investigators, and (bd) 
because the British and Americans do not appear to have been acquainted 
with the important researches of certain German and Russian investiga- 
tors from 1899 to date. In a recent communication by Haldane Gee * 
it is stated that “it was possible to precipitate calcium from seawater by 
reducing its carbon dioxide content, and without assistance of bacteria,” 
a fact which has been known to certain investigators for some time. It 
is also known that CO, may be removed not only by the blue-green alge 
but also by the autotrophic bacteria which function in the manner of 
green plants. The autotrophic bacteria were found to be common in the 
caleareous muds of the Bahamas. Gee’s comments in relation to his 
bacterial studies are properly conservative and relate largely to the effect 
which bacteria may have in producing ammonia or carbon dioxide, and 
he states, “The calcareous muds themselves were found, qualitatively, to 
be decidedly reducing. This suggests the acidity of * an@robic bacteria 
although none have been reported to date.” 

Further investigations are badly needed in relation to the action of 
caleareous alge in extracting carbon dioxide from seawater and the pos- 
sible symbiosis of alge and bacteria. Maurice Black is at present in- 
vestigating the functions of the alge in relation to the conditions in the 
calcium carbonate muds of Andros Island, in the Bahamas. 

The following paper is a digest of investigations on microbiological re- 
actions only, and especially the microorganisms discovered in the calcium 
carbonate mud of the Bahamas. 

Dr. W. Bavendamm, Privatdozent der Botanik of the Technical High 
School of Dresden, has just completed a ~— entitled “Die Mikrobiolo- 
gische Kalkfallung in der Tropischen See.” 

Dr. Bavendamm’s paper not only brings up to date the microbiological 
investigations of the expeditions which Princeton has been sponsoring in 
the West Indies, but also gives a history of the microbiological investiga- 
tions in their relation to the precipitation of calcium carbonate from 
about 1889 to 1931.° 

Besides a review of the British and American investigations, the author 
has carefully reviewed important German and Russian publications that 


3 Calcium carbonate relations in the seawater at Tortugas, Florida. Rep. Com. Sedi- 
mentation, 1929-1930, p. 12. 

Italics introduced by R. M. F. 

5 Contribution No. 7, “International Expedition to the Bahamas,” 3. Band, 2. Heft, pp. 
205-276. 

© An earlier paper connected with the problem is: “The possible role of microorganisms 
in the precipitation of calcium carbonate in tropical seas,’ International Expedition to 
the Bahamas, Contribution No. 6, by Werner Bavendamm ; Science, May 29, 1931. 
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have appeared since 1918. The paper includes a very useful bibliography 
of 143 titles. 

On the 1928 expedition to the Bahamas, it was noticed that the fine- 
grained calcium carbonate mud, provisionally called “Drewite,” which 
covers such a wide area on the Bahama Banks, changed from the sur- 
face downward from white through gray to black. I suggested to Dr. 
S. A. Waksman that this change might be due to the action of micro- 
organisms such as bacteria. I also suggested that it was quite possible 
that the microbiological study of marine muds might yield far more 
important results than the previous studies on the microbiological re- 
actions in seawater. Dr. Waksman very kindly consented to take up the 
problem, and it was arranged that Dr. Bavendamm should do the work 
under Doctor Waksman’s guidance. The geologic significance of Dr. 
Bavendamm’s work is not yet entirely clear, especially as Maurice Black, 
Fellow of Trinity College, Cambridge, has not yet completed his re- 
searches on the sedimentation and stratigraphy of Andros Island; but 
it is at least possible that the information which the microbiologists 
have given us bears an important relation to the major sedimentary prob- 
lem in the Bahamas, namely the relation of the stability of the islands 
to the origin, transportation, and alteration of the sediments that mantle 
their surfaces. Further information as to the structure and stability 
of the islands has resulted from Dr. F. A. Vening Meinesz’ determinations 
of gravity with the help of the United States Naval vessels, the sub- 
marine S-48 and the 8. S. Chewink. A close net of gravity stations and 
a traverse of over 4,000 miles of sonic and supersonic soundings were 
completed March 15, 1932 in the West Indies. A number of gravity 
measurements have also been made on the islands by the United States 
Coast and Geodetic Survey. It is also planned later to check the gravity 
by means of detonation and seismograph, and a deep borehole will be 
started early in the summer. 

Dr. Bavendamm’s paper on microbiology is chiefly valuable, at the 
present time, because : 

1. It gives the geologist a fairly complete review of the study of micro- 
biological processes in relation to the precipitation of CaCO, in fresh 
and marine waters. 

2. It discusses the technique of this type of microbiological work. both 
in the laboratory and in the field. 

3. It describes a microflora characteristic of the tropical marine cal- 
careous facies, 
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The author assures us that the bacteria in the muds are much more 
numerous than those in the seawater and confirms Lipman’s conclusion 
that strictly lime-secreting bacteria, Pseudomonas (Pacterium calcis), 
such as were proposed by Drew and others, do not exist. A rich variety 
of bacteria, however, were discovered in the muds, including the follow- 
ing groups; Sulphur bacteria, agar-liquefying bacteria, cellulose-decom- 
posing bacteria, urea-decomposing bacteria, sulphate-reducing bacteria, 
and nitrogen-fixing bacteria. It was further discovered that the bacteria 
increased in numbers and species from the normal marine, through the 
estuarine, to the freshwater muds. 


REACTIONS IN WHICH BACTERIA MAY PLAY A PART 


The following reactions are given as those which may be involved in 
the precipitation of CaCO, under natural conditions. It is also stated 
that all of these reactions are the result of bacterial action dependent 
upon the character of the solutions, muds, and general environment ; im- 
portant contributary factors are salinity, temperature, CO, content, 
amount of sunlight, and depth and agitation of the water: 


(1) CaSO, + (NH,),CO, = (NH,),SO, + CaCO, 


This reaction probably is the most important one because, owing to the 
ammonifying bacteria, a constant precipitation of CaCO, may occur, 
provided CaSO, and CO, are abundant. It is interesting to note that 
Murray and Irvine spoke of the above as an animal reaction. The main 
supply of ammonia appears to be due to the action of the Proteus subtilis 
and the fluorescens group of bacteria which cause the decomposition of 
the proteins and thus lead to the formation of ammonia. The fermenta- 
tion caused by the urea-decomposing bacteria is also of probable impor- 
tance in this connection. A further but less plentiful supply of ammonia 
is the result of nitrate reduction that is, the reduction of nitrates to nit- 
rites and ammonia. The so-called “lime-bacteria” of Drew and others 
are chiefly the nitrate-reducing ones. All the forms mentioned above 
were found to be abundant in the calcareous muds. 


(2) Ca(HCO,), + 2NH,OH = CaCO, + (NH,),CO, + 2H,0 


When water is saturated with calcium bicarbonate and ammonia is 
formed by the action of bacteria, CaCO, is precipitated by the above re- 
action (2). Ina recent letter R. L. Ginter made the following sugges- 
tion: “The calcium from the land is carried in solution as bicarbonate to 
the sea, which for the purpose of simplicity may be divided into two 
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zones ; the upper oxygen zone, penetrated by light, the habitat of a prolific 
chlorophyll-bearing life; and the lower, or bottom dioxygenated zone, the 
habitat of a prolific denitrifying bacteria. The precipitation of calcium 
carbonate would result in the upper zone because of the utilization of CO, 
from solution by the chlorophyll-bearing life (autotrophic bacteria). 
The equilibrium (reversible reaction 2) would be disturbed due to the 
increase of the pH, i. e., a pH at some point above 7.0 would bring about 
the precipitation of CaCO, from a definite amount of the bicarbonate of 
calcium. The precipitation of calcium carbonate in the bottom zone 
would result mainly from the action of anerobic, denitrifying bacteria 
(putrefaction bacteria). Here, also the calcium bicarbonate equation 
would be disturbed because the pH increase (OH ion increase) and cal- 
cium carbonate would be precipitated.” 


(3) Calcium acetate, Ca(COOCH,), + 40, == CaCO, + 3H,0 + 3C0, 


The above reaction may take place where denitrifying bacteria, as well 
as other forms, act in a solution which is rich in organic calcium salts. 
The presence of appreciable amounts of organic calcium salts in the 
tropical seas has been questioned. Berkley has suggested that acids 
may arise through the decay of seaweed which, reacting with CaCO,, 
would produce organic calcium salts. A number of acid-producing bacteria 
have been found in the Bahama calcareous muds, such as the butyric acid 
bacteria, cellulose-decomposing bacteria, thermophilic bacteria, agar-lique- 
fying bacteria, etcetera. It should also be noted, however, that the latter 
have been shown to produce CO,. Organic lime salts also occur in the 
calcareous alge and cocco-lithophores. Drew’s view is thus valid as re- 
gards the assumption that CaCO, may be produced by the decomposition 
of calcium salts of organic acids. 


(4) CaSO, + 4H, = 4H,0 + CaS 
CaS + CO, + H,0 = CaCO, + H,S 
or 
CaSO, + CO, + H,0 = CaCO, + H.S + 20, (used by bacteria, 
for oxidation processes ) 


Accordingly to Murray and Irvine and to Nadson, reaction (4) is per- 
formed by the sulphate-reducing bacteria. According to Issatschenko the 
bacterium Microspira aestuaru produced H,S and appreciable amounts 
of calcium carbonate per gram of moist mud. The sulphate-reducing 
bacteria were found to be particularly abundant in the Bahama calcareous 
muds under distinctly anaerobic conditions. Further, these bacteria were 
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found to flourish in the saltwater, brackish-water, and freshwater muds. 
It is suggested that the presence of appreciable amounts of CaCO, ip 
estuarine muds and shaly facies might be explained in this way. 


CONCLUSIONS 


The close association of many types of bacteria in the calcium car- 
bonate mud of the Bahamas may be responsible for at least part of the 
CaHCO, which is usually found to be present in solution as bicarbonate. 
Other bacteria, already mentioned, tend, at times, to remove the CO, and 
cause the precipitation of CaCO,. The problem, therefore, includes not 
only the direct precipitation of CaCO, but also the production of calcium 
bicarbonate. What is of importance in the preceding is the suggestion 
that all the above reactions may be directly or indirectly the result of 
bacterial action. It has not yet, however, been proved that these reactions 
do take place, or if they do, that they are particularly effective in the 
production of CaCO,. It is interesting to note, however, that all the 
elements are present to produce the reactions, especially in the fresh and 
brackish waters of the area. 

I believe that the conclusion is therefore justified that, while there 
are no purely lime-secreting bacteria, certain bacteria are important fac- 
tors in the precipitation of calcium carbonate, and that they become of 
increasing importance off a calcareous coast line as we proceed from 
marine toward brackish and fresh waters. 

The geological significance of the microbiological investigations in the 
Bahamas appears, for the present, to be as follows: 

1. Microbiological reactions which might produce CaCO, do not ap- 
pear to flourish in shallow, normal marine waters where there is an 
abundance of sunlight and relatively constant agitation of the bottom 
muds. As these appear to be the conditions under which the bulk of the 
fine-grained, pure unfossiliferous limestones were deposited from the 
pre-Cambrian to at least the Mesozoic it is suggested that microbiological 
reactions could not have precipitated important quantities of CaCO, from 
the ancient seas unless they were, at least, very different solutions from 
that represented by present-day normal seas. 

2. CaCO, may be precipitated in deep lagoons or enclosed arms of the 
sea, largely by microbiological processes. It is obvious, however, that 
this method of precipitation will not explain the bulk of the marine fine- 
grained nonfossiliferous limestones throughout geologic time. 

3. CaCO, might be deposited by microbiological means, under estuarine 
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conditions, the preponderance of the calcium salts varying inversely with 
the amount of argillaceous muds and clastic sediments. 

4. The bulk of the calcareous mud which underlies the sea water of 
the Bahama Bank, however, has been shown to have been derived from 
the calcareous mud from Andros Island. 

5. The calcareous mud of Andros Island is probably of either brackish- 
water or fresh water origin. 

6. Microbiological investigations in the West Indies region to date 
indicate that when a calcareous reef, shelly beds, or calcareous-sands are 
raised above sealevel, the optimum physical, chemical, and biochemical 
conditions obtain for the solution and redeposition of fine-grained, rela- 
tively pure calcareous mud. Thus considerable quantities of pure fine- 
grained carbonate muds may be made available for transportation and 
deposition in the sea. 

7. Since these calcareous muds are relatively insoluble in normal sea- 
water and are also quite resistant to lithification except under conditions 
of deep burial, it is suggested that the sediments which form the bulk 
of the nonfossiliferous limestones throughout geologic time have had a 
long and varied inheritance, and have accumulated from time to time 
in geosynclines and basins in much the same manner as other muds, 
regardless of their mode of origin. 
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INTRODUCTION 


The distribution of Paleozoic rocks has been known for a long time. 


Schuchert’s maps, revised from time to time and ending with the excellent 
set in his recently revised “Outlines of Historical Geology,” leave very 
little to be desired. Previously Ulrich, Willis, and others have given us 
very good maps. Most of these maps use the whole North American 
continent as a base. When such maps are reduced to the size of a page the 
scale is so small that local details in the United States are difficult to 
portray. Furthermore, scarcely any of these maps attempt to show the 
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thickness of the rocks. In order to overcome these difficulties the writer 
has prepared seven maps showing the present distribution as well as the 
thickness of sediments for each of the periods of the Paleozoic era. 

The information for these maps was obtained from the publications of 
the United States Geological Survey and of the various State geological 
surveys. Many data were found in geological journals and other similar 
publications; such information was valuable chiefly for outcrop areas. 
For the areas in which the systems are covered hy younger rocks the 
records of deep wells were used. In this connection the writer wishes 
to acknowledge the generous cooperation of many geologists all over the 
country, who not only sent the logs of deep wells, but in many cases sup- 
plied the necessary interpretation of the record. 

It must be emphasized at the outset that these maps are not paleogeo- 
graphic maps in the usually accepted sense of the term. The stippled 
areas which appear as land masses are the areas in which no rocks of the 
particular system are now known to exist. The corresponding sediments 
may never have been deposited there, but it is also possible that they were 
deposited and later removed by erosion. In order to avoid misunder- 
standing on this score, the stippled areas will be called tectonic areas. 
In another article the separate history of each tectonic element will be 
discussed. As far as possible they bear the names used on published maps 
by others, for the closely corresponding land masses. It is probably safe to 
assume that each tectonic element functioned as a land mass over most of 
its area. It is even more certain that not all were land masses all the 
time. For if we assume that they were land masses throughout a given 
period it would be difficult to explain the known distribution of marine 
fossil faunas. This is forcibly demonstrated in the case of the Pennsyl- 
vanian system which shows an isolated basin in the Lower Peninsula of 
Michigan. The presence of marine fossils in the Saginaw formation of 
Michigan exactly similar to those found beyond the confining rim of 
tectonic elements proves that at some time or other during the Pennsyl- 
vanian period there must have been a connecting seaway. 

The arabic numerals on the maps indicate the thickness of the system 
in hundreds of feet (to the nearest hundred), and they are placed as nearly 
as possible on the spot where the reported thickness is to be found. An z is 
used to indicate that the system is very thin or else that the thickness is 
not known at present. A zero in the stippled area indicates a point where 
older and younger rocks appear but where the system in question is absent. 

The thicknesses reported in the literature were not used indiscrimi- 
nately. Many were omitted because they are obviously incomplete on 
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account of erosion. Some were omitted because they were obtained from 
unreliable sources. Even with these precautions, however, the thicknesses 
as plotted on the maps do not have uniform value. Some are based on 
carefully measured sections in areas of slight structural disturbance, 
some are rough estimates based on reconnaissance work, and still others 
were measured in areas of structural complexity where reduplication of 
beds is to be suspected. Again, fossils are present in some areas to set 
definite limits to a system, but in most areas this is not the case. Different 
geologists working in different areas therefore use slightly different limits 
for a system. Under such conditions even careful measurements do not 
insure accuracy. 

Because of these facts the writer found that it would be useless to draw 
isopach lines with precision. They have, therefore, been drawn so as to 
connect points of frequent coincidence, rather than through points of 
equal thickness. It is hoped that these maps will be of service to geologists 
in showing: (1) the probable location of ancient land masses; (2) the 
sources of sediments for each system; (3) the gradual evolution of the 
framework of our continent and its tectonic history; and (4) the probable 
thickness of each system in areas where such data are not now available. 


CAMBRIAN SYSTEM 
GENERAL STATEMENT 


The distribution and thickness of Cambrian sediments is shown in 
figure 1. It will be noted that approximately three fourths of the area of 
the United States has Cambrian rocks either at the surface or buried 
under younger rocks. The areas where no Cambrian rocks are now found 
lie close to the edges of the continent or extend through the center of the 
United States from Minnesota to New Mexico. For the sake of con- 
venience, we may divide the areas in which sediments were laid down into 
five parts: (1) an Eastern Sea; (2) a Central Sea; (3) a Western Sea; 
(4) the Colorado Strait; and (5) the New Mexico Strait. In the follow- 
ing pages the writer will state briefly what formations were used in com- 
piling the data as well as their character and thickness. 


WESTERN SEA 


The Western Sea during Cambrian time extended from Montana and 
the Dakotas through Wyoming and eastern Idaho, Utah, and Nevada into 
Arizona. It connected with the Eastern Sea through central Colorado 
and through New Mexico and western Texas. Thicknesses of Cambrian 
formations in the Western Sea reach very great totals but do not equal 
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Table of Cambrian Formation Names 


Eastern Sea Central Sea Western Sea N 
ew 
Colorado | Mexico 
Southeast Central North North Central Southwest North Southwest | Southeast Strait Strait 
Jordan Eminence Lower 
» | Lower Trempeleau | Potosi part Deadwood Dunderberg Abrigo 
&) part Conoco- Theresa Franconia Derby of or Muav Sawatch | Bolsa 
a. of cheague Potsdam Dresbach Davis Arbuckle Gallatin Hamburg or 
~ | Knox Eau Claire Bonneterre Bliss 
Mount Simon} Lamotte Reagan 
= | Nolichucky Red Gros Secret Bright 
3 | Elbrook Ventre Canyon Angel 
S | Honaker Clastic 
{ Rome Ledger Eldorado 
| Apison Colchester Tapeats 
| Murray Kinzers Flathead Prospect | 
. | Nebo Mallett Mountain 
© | Nichols Vintage 
2 { Cochran Winooski 
Sandsuck Antietam 
| Thunderhead : Monkton 
| Pigeon Chickies 
| Citico 
| Wilhite 
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the maximum of the Eastern Sea. The greatest thickness, 16,500 feet, 
is reported from the Spring Mountain area (in southern Nevada, latitude 
36° 30’, longitude 115° 30’) by Nolan. The upper 5,000 feet is mostly 
limestone, but the lower part is mostly shale and sandstone. In the 
Desert Range nearby, he reports 14,000 feet, of which 8,500 feet is lower 
Cambrian. Another thick section is described by Kirk? from the Inyo 
Range in southeastern California (latitude 36° 30’, longitude 118°). 
This section is described in detail and therefore becomes very interest- 
ing for purposes of comparison. The upper Cambrian consists of 1,000 
feet of limestone and shale, and the middle Cambrian of 900 feet of 
sandstone and limestone. The lower Cambrian is much thicker, com- 
prising no less than 10,800 feet of clastics with much feldspathic quartz- 
ite in the lower third. 

The classic section for this basin is the Eureka section in central 
Nevada (latitude 39° 30’, longitude 116°) which was worked out by 
Hague and by Walcott. Five formations are defined and they have a 
total thickness of about 8,500 feet. Approximately two thirds of this is 
shale and sandstone, the remainder is limestone. The basal quartzite, 
called the Prospect Mountain, is 2,500 feet thick. 

In Utah the thickest section is reported by Nolan from the Deep Creek 
Mountains (latitude 40°, longitude 113° 45’). The fossils, (which 
were identified by Resser) reveal about 1,700 feet of upper Cambrian 
limestone and clastics, 4,000 feet of middle Cambrian limestone and 
clastics, and 4,000 feet of lower Cambrian, most of which is quartzite. 
In the House Range nearby, Walcott found 9,200 feet of similar sedi- 
ments. The thickest section from Idaho is described by G. R. Mansfield.* 
This section shows 1,200 feet of upper Cambrian limestone, 3,450 feet 
of middle Cambrian, mostly limestone, and 1,600 feet of lower Cambrian, 
which is mostly quartzite. In Montana the Phillipsburg section, de- 
scribed by Calkins and Emmons, appears to be the thickest, but is con- 
siderably thinner than the sections farther south. The total thickness 
here is only 2,350 feet, and chemical sediments comprise about one half 
of the total. 

The areas of greatest subsidence in the Western Sea lay close to 
Cascadia and Calarizonia. Farther east, toward Siouxia and Uncom- 
pahgre, subsidence was less pronounced. In the Black Hills, for in- 
stance, Darton reports only 500 feet of Deadwood sandstone with some 
green shale and edgewise conglomerate. In northwestern Nebraska 275 


2U. S. Geol. Survey Prof. Pap. 110. 
3U. S. Geol. Survey Prof. Pap. 152. 
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feet of similar materials were found in the Douthie well. In northeast- 
ern North Dakota 250 feet of red shale and some sandstone are re- 
ferred to the Cambrian. In Wyoming only clastics are found toward the 
eastern side of the basin. In the deeper portion of the basin some lime- 
stone is reported. Strangely enough, all three subdivisions of the Cam- 
brian are represented, the lower Cambrian by the Flathead, the middle by 
the Gros Ventre, and the upper by the Gallatin formation. - 


COLORADO STRAIT 


In the narrow passageway between Siouxia and Uncompahgre, the Cam- 
brian rocks are thin. The Sawatch sandstone, which is the name usually 
applied to the Cambrian rocks, varies from a few feet to 400 feet. In 
southwestern Colorado the equivalent formation is called the Ignacio 
sandstone. 

NEW MEXICO STRAIT 

In the passageway south of Zuii the upper Cambrian formations have 
received a number of names. In Arizona for instance there is a twofold 
division made in the southeastern part of the State. The upper forma- 
tion is the Abrigo limestone and the lower one the Bolsa sandstone. In 
a few localities the sandstone is called Coronado sandstone. In New 
Mexico the upper Cambrian formation is the Bliss sandstone, while over 
in the extreme southwestern part of Texas the equivalent is called the 
VanHorn sandstone. It is to be noted that in these narrow straits across 
the continental backbone only upper Cambrian materials were laid down. 


EASTERN SEA 


The Central Sea and the Eastern Sea were united so that the marine 
waters extended from Siouxia on the west to Appalachia on the east and 
from Laurentia on the north to Llanoria on the south. The greatest 
thickness of Cambrian sediments in this vast sea were accumulated in 
eastern Tennessee and adjacent areas. A maximum of 20,000 feet is 
reported by Hayes for the Cleveland quadrangle in the southeastern 
corner of the State. Of this total only about 10 per cent is dolomite 
(lower Knox), while a second 10 per cent, the Conasauga formation of 
middle Cambrian age, consists of green shale and some limestone. Fully 
80 per cent is lower Cambrian, and this is practically all clastic ma- 
terial with sandstone very abundant. The 13 formations differentiated 
by Hayes are shown in the table of formation names, page 499. Keith, 
who worked out the stratigraphy in quite a number of adjacent quad- 
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rangles, uses similar formation names and reports thicknesses up to 16,000 
feet. In Georgia LaForge described the lower part of the same sequence 
with a somewhat different nomenclature for the Ellijay quadrangle, where 
he finds 10,000 feet of mostly clastic sediments. In central Alabama 6,000 
feet of strata belonging to the lower Knox, Ketona, Conasauga, and Rome 
formations, constitute only a part of the Cambrian sequence (although 
all three divisions of the system are represented). 

Farther north in the Appalachian trough a deep well was drilled on 
the Jessamine dome of Kentucky. This well encountered nearly 1,800 
feet of lower Knox dolomite and Nolichucky clastics. In West Virginia, 
Maryland, and Pennsylvania a section comparable to that found in the 
southern part of the Eastern Sea is reported. The stratigraphic formation 
names used in this area are shown in the table of formation names. The 
greatest thickness of Cambrian rocks found in that part of the basin was 
reported for the Mercersburg-Chambersburg quadrangle by Stose. There 
the Conococheague, Elbrook, Waynesboro, Tomstown, Antietam, Har- 
pers, and Weverton comprise about 10,000 feet of strata, of which only 
about one third is nonclastic. In nearly all sections in this part of the 
basin, the upper part of the sequence is nonclastic and is called Knox, or 
Shenandoah, or Kittatinny. These names include also Ordovician strata, 
which in the recent reports are separated on the basis of fossil evidence. 
In New York the lower clastic portion of the sections is called Potsdam 
sandstone, and the upper, nonclastic portion, Theresa and Little Falls 
dolomite. These formations represent only the upper Cambrian. In 
Vermont the lower Cambrian is fully represented, and the names used 
there are shown in the table of formations in the column under Potsdam. 


CENTRAL SEA 


The Cambrian rocks may be traced (either on the outcrop or in deep 
wells) from New York through Ontario into Michigan and northern 
Ohio. The name Potsdam sandstone is used for these States. In Wis- 
consin and Minnesota more or less dolomite appears in the section, and 
subdivisions have been made accordingly. The reported thicknesses in 
these States varies from a small amount to about 3,300 feet. Most sec- 
tions in Wisconsin report Potsdam sandstone, although occasionally small 
amounts of dolomite are reported in the upper part of the section. In 
Minnesota the alternation of dolomite and clastic rocks becomes more 
pronounced, hence greater refinements have been made in the nomen- 
clature. The usual succession is Jordan sandstone, Saint Lawrence dolo- 
mite and shale, Dresbach sandstone, Hinkley formation, and red clastic 
series at the base. Where unusual thicknesses are reported all, or some, 


kk ath it 


4 


CAMBRIAN SYSTEM 503 


of the red clastic series is included. These rocks are probably of Protero- 
zoic age for the most part; however, Stauffer found some middle Cam- 
brian fossils near the top of the series in a deep well near Rochester, Min- 
nesota. If the red clastic series is excluded the thickness in any section 
rarely exceeds 800 feet. 

In describing the rocks found in deep wells in Iowa, Norton uses sev- 
eral additional names, especially the Eau Claire shale and’ Mount Simon 
sandstone, below the Dresbach. He also uses Trempeleau and Franconia 
instead of Saint Lawrence. In the average Lowa section more than half 
is clastic and the upper portion has the dolomite. This same sequence 
can also be traced by means of deep wells into Indiana, Illinois, and Ohio. 
Toward the south dolomite gradually increases in amount until in Missouri 
most of the section reveals that type of rock. For instance the Eminence, 
Potosi, Derby-Doe Run, Davis, and Bonneterre are predominantly dolo- 
mitic formations. The basal sandstone is called Lamotte. The greatest 
reported thickness of these Cambrian formations in Missouri is 1,600 feet 
in a deep well near Pomona, Howell County. 


KANSAS, OKLAHOMA, AND TEXAS 


Essentially the same sequence of rocks is found farther west in Kansas 
and Oklahoma. Despite the fact that intense subsurface work has been 
carried on in these States for a number of years it is not yet possible to 
separate the Cambrian dolomite into the various members distinguished 
in Missouri. In fact it is impossible to separate the Ordovician portion 
of the Siliceous lime from the Cambrian portion. When work of the 
nature introduced in Missouri by McQueen, who separated the formations 
there on the basis of insoluble residues, has been carried farther, it may 
be possible to delimit formations in Kansas and Oklahoma. In the 
Arbuckle Mountains, where this dolomite comes to the surface in great 
thickness, Ulrich and later Decker have made some subdivisions on a 
fossil basis. Farther north in Oklahoma the Siliceous lime or Arbuckle 
must be arbitrarily divided. The author has therefore plotted half the 
thickness of the Arbuckle as of Ordovician age and the lower half as of 
Cambrian age in those wells which penetrate the whole thickness. An 
exception was made in the case of the Barton Arch in western Kansas. 
From the structural history of that element it is more logical to assume 
that the Ordovician portion of the Siliceous Lime has been removed by 
erosion in post Canadian (early Ordovician) time, and that only the 
Cambrian portion is now encountered by the drill. The basal sandstone 
found in so many wells in Kansas and Oklahoma below the Arbuckle 
is regarded as equivalent to the Reagan and the Lamotte. 
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From the figures on the map it will be noted that the Arbuckle Moun- 
tain region was a local basin of pronounced subsidence, because over 2,000 
feet of dolomite and sandstone were accumulated there. Farther north, 
in Oklahoma, and farther south, in Texas, the average thickness of the 
Cambrian is close to 500 feet. In the Llano Burnet region of central 
Texas, sometimes called the Central Mineral region, the outcropping edges 
of Cambrian rocks permit a close examination of their character. The 
Wilberns consists of limestone and shale, the Cap Mountain consists of 
shale and limestone, and the basal Hickory formation is made up of 
sandstone and conglomerate. 


ORDOVICIAN SYSTEM 
GENERAL STATEMENT 


The present distribution of Ordovician rocks is shown in figure 2. For 
the sake of convenience the areas of sedimentation may be divided into 
four parts: (1) a Western Sea; (2) the Colorado Strait; (3) a Central 
Sea; and (4) the Eastern Sea. The formation names used in these deposi- 
tional basins are shown in the Table of Ordovician Formation Names on 
page 505. Inasmuch as the intersystemic boundary between the Ordo- 
vician and the Cambrian systems is still hard to define in many individual 
sections, it is not possible to plot the thickness of the Ordovician rocks 
as accurately as might be desired. Many sections have been described in 
which the Ordovician was delimited by means of lithology and strati- 
graphic position. When fossils are found in such areas at some time in 
the future, changes will be in order. 


WESTERN SEA 


Although Nevada does not contain the thickest section of Ordovician 
rocks, yet many thick sections have been reported from that State. In 
the White Pine Range, for example, Spurr lists 1,450 feet of Lone Moun- 
tain limestone, 350 feet of Eureka sandstone, and 5,200 feet of Pogonip 
limestone, making a total of 7,000 feet. In the Eureka district to the 
west, where the rock section and its contained fossils were carefully meas- 
ured and studied by Walcott, the Lone Mountain contains upper Ordovi- 
cian fossils and the Pogonip lower Ordovician forms. This indicates 
that the whole system from the Richmond down to the Beekmantown is 
present. At Eureka the total for the system amounts to 5,000 feet. It 
is probable that the Lone Mountain formation includes some Silurian 
rocks, which would reduce the totals mentioned to some extent. Ferguson 
described the rocks in the Manhattan district (latitude 39 degrees, longi- 
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Table of Ordovician Formation Names 


Eastern Sea Central Sea Western Sea 
Colorado 
Strait 
South North Northeast North Central West South North | Central | Southwest 
{ Richmond Juniata Maquo- 
6&8) Maysville . Lorraine | Indian keta Richmond | Sylvan Polk Bighorn | Fish Lone 
5 Eden Reedsville Utica Ladder Creek Haven} Mountain 
ag { Catheys Schenec- 
4 igby renton renton anajo- ena imms- 
® | Jessamine harie wick 
& | Hermitage Glens 
Falls 
a4, { Chambersb’g Viola Big- Freemont 
3? Leray Moccasin Black Amsterdam fork 
ae Lowville River Lowville Decorah Swan Eureka 
Peak 
Little Oak 
#2 | Ottosee 
Athens 3 
>, | Whitesburg 
3 Holston a & | Chazy Platte- Plattin 
a ville 
Ol. Lebanon 6 
£ | Lenoir “ Normans- Womble Garden| Palmetto 
{ Pierce Athens kill City 
. | Mosheim * 
Simpson 
ab { Joachim 
g2 St. Peter Joachim 
Bm | Everton St. Peter | St. Peter Blakely | Harding 
Odenville Powell 
g Bald Mt. Shakopee | Cotter Upper 
P Newalla : Jeff. City | Arbuckle | Mazarn | Manitou Pogonip 
Beekman- Beekman-| Deep Kill N. Richm. | Roubidoux 
Longview town town Oneota Gasconade 
Schagh- Madison Van Buren 
Chepultepec ticoke Mendota 
Devils Gunter 
Lake 
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tude 117 degrees 10 minutes). There the Paleozoic strata are very in- 
tensely metamorphosed, and correspondence with the sections farther east 
is hard to detect. He reports 5,600 feet of strata of Ordovician age, some 
of which contain fossils. The proportion of clastic material to chemical 
sediments is greater here than in sections farther east. 

In southeastern California a carefully described section for the Inyo 
range by Kirk reveals 750 feet of Palmetto shale, 500 feet of limestone 
with middle Ordovician fossils, 3,500 feet of Pogonip limestone with 
Beekmantown fossils, and 300 feet of basal sandstone, making a total of 
5,100 feet. In southwestern Utah, in the San Francisco Mountains, 6,800 
feet of rocks appear to belong to the Ordovician system. Some of this 
may turn out later to be of Silurian age. 

In the northern part of the Western Sea we find the greatest thickness 
of Ordovician rocks in the Wood River region of Idaho (latitude 44 de- 
grees, longitude 114 degrees). Westgate and Ross found Ordovician 
fossils in the Phi Kappa formation which has a thickness of 9,300 feet 
and consists of clastic materials. As might be expected, the sections far- 
ther east in the same State show considerable dolomite and also are much 
thinner. In Wyoming the Bighorn limestone contains Trenton and Rich- 
mond fossils and averages 200 feet in thickness. In central Montana 
(Bearpaw Mountains; latitude 48 degrees, longitude 109 degrees) Reeves 
found 350 feet of Bighorn limestone. Still farther east, in the Black Hills 
of western South Dakota, the probable equivalent is called the Whitewood 
limestone, has a thickness of less than 100 feet and is found only on the 
northwest side of the mountains. 

COLORADO STRAIT 

In the passageway between Siouxia and Uncompahgre, through central 
Colorado, the full section of Ordovician rocks is about 400 feet thick. 
It consists of the Freemont limestone, Harding sandstone, and Manitou 
limestone. In some of the mining districts the Manitou is called the 
Yule limestone and the Harding is called the Parting quartzite. The 
varying thickness of these formations and their erratic distribution sug- 
gest considerable diastrophism during the period. 


CENTRAL SEA 


When these formations are traced into the Central Sea, the equivalents 
appear to be the Viola limestone (Galena limestone), Simpson formation 
(Wilcox), and the upper part of the Siliceous Lime (Arbuckle limestone). 
These formations are relatively thin in Kansas and Nebraska, but thicken 
markedly into Oklahoma and reach a maximum in the Arbuckle Moun- 
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tains. In these Mountains where excellent exposures were studied by 
Taff and his successors, there are 300 feet of Sylvan shale, 750 feet of 
Viola limestone, 1,600 feet of Simpson shale and sandstone, and 4,000 
feet of upper Arbuckle limestone. Southeast of the Arbuckles in the 
Ouachita Mountains, the Ordovician succession is surprisingly different. 
The Sylvan is replaced by the Polk Creek shale, the Viola by the Bigfork 
chert, the Simpson by the Womble shale and Blakely sandstone, and the 
Arbuckle by the Mazarn shale. The first and last of these are black 
graptolitic shales (see page 508). Both the Ouachita facies and the 
Arbuckle facies of Ordovician rocks can be traced in deep wells south- 
ward, into Texas, along the border of Llanoria, as far south as the Rio 
Grande River. Still farther west in Texas, Philip B. King described 
similar rocks from the Marathon Mountains (latitude 30 degrees, longi- 
tude 103 degrees). 

In Missouri, where Ordovician rocks crop out over a broad area, they 
have been studied in detail. Recently McQueen has succeeded in differen- 
tiating the surface formations also in deep wells by means of insoluble 
residues. Therefore the information for that State is quite complete. 
The deep well near Saint Louis shows the most complete section because 
it starts in the Richmond and penetrates the Canadian formations as 
well, Farther west the upper and middle parts of the system are missing, 
so that the thicknesses shown on the map are for the Canadian series only. 
A fair example of such a section is the record of a well in Taney County, 
near Bronson (latitude 36 degrees 45 minutes, longitude 93 degrees) 
where the Cotter, Jefferson City, and Roubidoux are 600 feet thick, and 
the Gasconade, Van Buren, and Gunter 440 feet thick, making a total of 
1,040 feet. On the north flank of the Ozark dome a nearly complete sec- 
tion of the system is found in Ralls County, where 1,400 feet includes all 
formations but the Richmond. 

In Iowa Norton has interpreted many well logs. He uses the northern 
formation names, Maquoketa shale, Galena dolomite, Plattin limestone, 
St. Peter sandstone, Prairie du Chien dolomite. This succession shows 
remarkable constancy of thickness across the State of Iowa, and can be 
traced in well logs far to the southeast. In Minnesota and Wisconsin 
these formations crop out. In Michigan they also crop out in the upper 
Peninsula. In the lower Peninsula only one well has penetrated any 
great thickness of Ordovician rocks. It shows 340 feet of Richmond and 
Utica shales, 395 feet of Trenton limestone, and 25 feet of St. Peter sand- 
stone. The term Trenton is commonly used in well logs for the Galena, 
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Plattin, Kimmswick succession, in other words, the rocks between the 
upper shale and the St. Peter sandstone. 
EASTERN SEA 

In Ontario and western New York the thickness of the Ordovician 
again approaches 2,000 feet, with the addition of the Beekmantown below 
the St. Peter. Farther east in New York still greater thicknesses are 
reached. In the Capitol district, for instance, Ruedemann reports 3,500 
feet of strata. It should be pointed out that a prominent change of facies 
takes place in this part of the basin, a change similar to the one described 
for the northwest side of Llanoria in the Ouachita Mountains. The 
Ordovician rocks of the Capitol district consist largely of dark or black 
shales with graptolites, whereas farther west the same part of the sys- 
tem is represented by limestones. It is difficult to trace the Ordovician 
formations much farther east into New England because of the great 
amount of severe metamorphism they have undergone. They are, how- 
ever, assumed to be present there, and a definite thickness has been as- 
signed to them by Emerson in Massachusetts. Recently, also, they have 
been described from western Vermont by Keith. 

In tracing the Ordovician strata southward from New York into the 
Appalachian geosyncline, many stratigraphic sections measured on the 
outcrop become available. Therefore the thickness of the system and the 
character of the rocks are well known. In New Jersey, Pennsylvania, 
Maryland, West Virginia, and Virginia, the average thickness is about 
4,000 feet. Farther southwest the thickness increases somewhat, and in 
eastern Tennessee the system reaches its greatest thickness. For instance, 
in the Morristown quadrangle (latitude 36 degrees, longitude 83 degrees) 
Keith reports 900 feet of Sevier (now called Martinsburg) shale, 500 feet 
of Moccasin limestone, 1,100 feet of Athens shale, 2,400 feet of Chicka- 
mauga limestone, 300 feet of Holston marble, and 2,800 feet of upper 
Knox dolomite (Nittany), a total of about 8,900 feet. The thickness in 
Alabama is not quite so great. Butts reports nearly 6,000 feet for the 
Bessimer-Vandiver quadrangle which lies south of Birmingham. Even 
there a great thickness is found only in the southeastern part of the 
quadrangle, where nearly the whole system is represented. To the north- 
west, parts of the system are missing, and only the Chickamauga, of Black 
River and Trenton age, is present. An interesting feature of this section 
is the occurrence of a black graptolitic shale with Normanskill fossils, the 
Athens shale. It is limited to the Cahaba Valley in the southeastern 
part of the quadrangle. The Athens shale can be traced northward, but 
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is always limited to a zone very close to Appalachia. (Compare the Nor- 
manskill of New York and the Mazarn of Arkansas.) 

One of the most striking details about the distribution of the Ordovician 
rocks is the fact that four erosional remnants have been preserved in syn- 
lines east of the Blue Ridge in Virginia. One of these is the inlier of 
Quantico slate in the Frederickburg region. This probably correlates 
with the inlier of Arvonia slate farther southwest. Another is the Fred- 
erick limestone which may be equivalent to the Everona limestone in the 
James River region. Another significant feature shown in the Appala- 
chian geosyncline is the occurrence of erosional detritus at the top of the 
Beekmantown limestone (variously called Knox, Shenandoah, and Nit- 
tany in different areas). This indicates post-Beekmantown erosion and 
concomitant diastrophism of adjacent areas. It fits in very well with the 
evidence of angular unconformities described by Stose and Jonas from 
Pennsylvania, and of overthrusting described by Ruedemann from east- 
ern New York and by others from points in Vermont and Canada. 


SILURIAN SYSTEM 
GENERAL STATEMENT 


The distribution and thickness of Silurian rocks is shown in figure 3. 
It will be apparent immediately that the seas of the Silurian period were 
very much restricted in comparison with former seas. It will also be 
noted that the thickness of the system is less than that of the two pre- 
ceeding systems. 

EASTERN SEA 

The Eastern Sea occupied about one fourth of the area of the United 
States. Two small islands, Cincinnatia and Nashvillia, and the peninsula 
of Ozarkia reduce the area still further. The greatest thicknesses in this 
sea are shown in West Virginia, but New York and Michigan show thick- 
nesses almost as great. The maximum thickness of the Silurian forma- 
tions in Mineral and Grant counties of West Virginia (latitude 39 de- 
grees 45 minutes, longitude 79 degrees) is 3,600 feet. All divisions are 
represented and about one half of the total is clastic material (Medina). 
Farther to the west the thickness of the system decreases. On the flanks 
of the Cincinnati and Nashville islands the system becomes very thin and 
the formations pinch out in such a manner as to indicate that these 
islands were actually land masses at the time. West of Cincinnatia a 
gradual thickening takes place, reaching a maximum in Union County, 
Kentucky. There Jillson reports a thickness of 363 feet for the Niagara 
and Clinton divisions of the system. 
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At the north end of the Appalachian geosyncline the Silurian rocks 
were found to be nearly 3,000 feet thick in western New York. They 
were accurately described by Prosser, and his sections show that one third 
of the total is clastic material and occurs mostly near the base of the sys- 
tem. All subdivisions are present and can be traced westward and south- 
ward by means of well logs. ‘The system gets thinner in Ohio, and on 
the Cincinnati arch, where the system crops out, only the Niagara and 
Clinton appear because the lower clastic portion pinches out from the 
east. Westward through Indiana and Illinois the average thickness of 
the system is about 350 feet. Northward into Michigan the well-records 
indicate a rapid thickening. At Detroit, for instance, Scherzer reports 
2,000 feet of Silurian rocks. If the Sylvania sandstone and upper Monroe 
dolomite is added to this, the total becomes 2,350 feet. The writer has 
excluded these formations in all sections where it was possible to make 
the separation. In Newaygo County (latitude 43 degrees, longitude 85 
degrees 45 minutes) over 2,500 feet of Silurian rocks were penetrated 
in a deep well. A similar thickness is reported by Smith for a deep well 
in Presque Isle County (latitude 46 degrees, longitude 87 degrees). 


CENTRAL SEA 


Iowa Embayment.—North of Ozarkia a rather deep bay reaches into 
Towa and several States farther west. In this part of the sea, as well as 
in northern Illinois, only the middle portion of the system seems to have 
been laid down. The well records in this part of the country are diffi- 
cult to interpret because the Silurian and Devonian rocks are lithologi- 
cally so similar. The line of separation between the two systems is 
usually drawn somewhat arbitrarily on the assumption that the Devonian 
contains limestone and shale, whereas the Silurian usually contains dolo- 
mite. Occasionally gypsum is found in the Silurian portion of the sec- 
tion. One of the best records for purposes of correlation is the well log 
of the Amerada well near Nehawka (northeast of Lincoln, Nebraska). 
The core was available from this well and was studied by Ulrich. He 
found Silurian fossils at several horizons, and on the basis of these, as 
well as of the lithology, he assigned 643 feet of dolomite to the Silurian 
system. Farther southwest, in the Salina basin of Kansas, the thickness 
of the Siluro-Devonian dolomite and limestone is about 400 feet. One 
half of this has been arbitrarily assigned by the writer to each system. 
In two wells, drilled for oil, fossils have been found, and in one of the 
cores quite a number of species were represented. The authorities to 
whom they were submitted for determination were not able to state 
definitely whether they were Silurian or Devonian forms. 
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Oklahoma Embayment.—A deep bay in the Eastern Sea extends along 
the south side of Ozarkia into Oklahoma. Silurian rocks crop out on 
both the north and the south sides of this bay. On the south side they 
crop out in the Arbuckle and in the Ouachita Mountains, but present 
strikingly different facies in these two localities. In the Ouachita Moun- 
tains the system is represented by a red shale called Missouri Mountain 
shale and by a sandstone, the Blaylock. These two formations have a 
total thickness of 1,500 feet. In the Arbuckle Mountains the Silurian 
forms the lower portion of Taff’s Hunton formation. This was sub- 
divided, on the basis of fossils, by Chester Reeds and he called the Silurian 
portion Henryhouse shale and Chimneyhill limestone. In well logs they 
cannot be distinguished ; therefore the writer arbitrarily took half of the 
Hunton formation as their probable equivalent. 

In the northern part of this embayment, the Silurian is called Saint 
Clair marble and may be seen on the outcrop in the streams near Tahle- 
quah. This formation contains a unique assemblage of fossils. Ulrich 
and Mesler, who studied them, report that of the 200 species worked out, 
the majority are similar to forms found in Bohemia and unlike nearby 
American forms. One wonders how they reached this embayment, and 
why they differ so notably from Silurian forms in this country. 


SOUTHWESTERN SEA 


In southern New Mexico Silurian rocks crop out over an area of many 
square miles. The fossils indicate a middle Silurian (Niagara) age and 
the name of the formation is Fusselman limestone. Darton has sum- 
marized the stratigraphy of the State recently, and he reports thicknesses 
of 40 to 200 feet in New Mexico. Over the line in Texas, the same 
limestone is found near E] Paso where, according to Richardson, it is 1,000 
feet thick. 

WESTERN SEA 

The Western Sea covered portions of Idaho, Utah, Nevada, and Califor- 
nia. Silurian rocks have been reported from only a limited number of 
localities in this area, and it is probable that future investigations will 
uncover more. In the Wood River region, Idaho (latitude 44 degrees, 
longitude 114 degrees), the Silurian rocks have been described by West- 
gate and Ross. They consist of 500 feet of quartzite and dark argillite, 
in which Silurian graptolites were found. In southeastern Idaho G. R. 
Mansfield found 1,000 feet of crystalline, porous dolomite which he calls 
the Laketown formation. The fossils indicate that it is of Niagaran age. 
The same formation was described from the Deep Creek Mountains in 
western Utah, by Nolan. In the Gold Hill quadrangle (latitude 40 de- 
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grees, longitude 113 degrees 45 minutes) he reports a thickness of about 
1,000 feet. In Nevada Silurian rocks have been reported from the 
Eureka district and from a number of desert ranges east and south of 
Eureka. The upper part of Hague’s Lone Mountain limestone may be of 
Silurian age, for he found some corals which appear to be Silurian forms 
in the upper 1,500 feet of the formation. 


DEVONIAN SYSTEM 
GENERAL STATEMENT 


The distribution and thickness of Devonian rocks is shown on the 
map, figure 4. It will be noted that the areas which were under water 
are very much like those of the preceding period. The Eastern Sea is 
about the same size, but the tectonic elements of Cincinnatia and Nash- 
villia are somewhat larger. In the western part of the United States 
the Western Sea extends unbroken from Idaho into New Mexico. The 
Pacific Ocean covered a larger portion of the state of California than 
it did during the Silurian period. 


EASTERN SEA 


In the Eastern Sea the greatest thicknesses of Devonian rocks are to 
be found adjacent to Appalachia. In West Virginia and Maryland 
several sections have a total thickness of over 10,000 feet. One of 
these was described by Stose and Swartz in the Pawpaw-Hancock folio. 
All the formations which make up the system are present, and over 
nine tenths of the total consists of clastic materials. A similar section is 
contained in the report on Mineral and Grant counties of West Virginia, 
which is one of the county reports of the State geological survey. In 
all directions from here the thickness of the Devonian system decreases 
rapidly. 

In Pennsylvania over 7,200 feet of Devonian rocks may be studied on 
the outcrop along the Allegheny front. In a deep well near Ligonier 
6,700 feet of similar sediments may be distinguished. Here again clastics 
make up most of the system. Going westward we find that the system 
has shrunk to a thickness of 3,300 feet on the eastern border of Ohio 
and down to only 850 feet in the central part of the State. This indi- 
cates that the Cincinnati arch tectonic element was functioning as a 
positive element. 

In New York State the thickest section has been reported by Ries 
from Orange County in the southeastern part of the State. In the 
southcentral part of the State Prosser found 4,400 feet of clastic materials 
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Figure 4.—Devonian System 
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referable to the Devonian system. An interesting detail in the Devonian 
stratigraphy of New York State is the Renssalaer grit, which is found 
only in a small patch east of Albany. This material, which consists of 
coarse fragments of pre-Cambrian gneiss and early Paleozoic rocks, was 
first thought to be of Silurian age by Dale. In a recent publication of 
the State geological survey of New York, Ruedemann has shown that it 
is more logical to consider it of Devonian age and probably the equivalent 
of the Catskill formation. In Michigan the Devonian system appears 
to be completely represented if the Sylvania sandstone and upper Monroe 
formations are included in it, as Carmen believes should be done. The 
thickness in that State varies from 800 feet to about 1,200 feet. The 
many wells which are now being drilled in the State are helping to 
clarify the stratigraphy of the system and many new data are being 
secured by Newcombe and others. 
CENTRAL SEA 

Towa Embayment.—On the west side of Cincinnatia the Devonian sys- 
tem is thinner than it is on the east side. As a rule the formations at the 
hase and at the top of the system are missing. In Indiana 200 feet is the 
average thickness. About one half of this is black shale, called New 
Albany, and the other half is limestone called Corniferous, etcetera. In 
Illinois the system is thin, and according to some authorities it is entirely 
missing over a fairly large area just east of Saint Louis. However, in 
the southwestern part of the State, Savage found a remarkably complete 
section in Union County. He differentiated equivalents of the Chemung, 
Portage, Hamilton, etcetera, down to the New Scotland formation, the 
total having a thickness of over 700 feet. 

In the deeper parts of the embayment, in Iowa, Nebraska, and Kansas, 
the Devonian has been found in many well logs. Inasmuch as the Devo- 
nian and Silurian systems are represented by limestone or dolomite with 
very similar lithology, it is necessary to separate them somewhat arbi- 
trarily. In general, the thickness of the system averages about 200 feet 
in these States. 

Oklahoma Embayment.—The narrow and rather deep embayment, 
which was called the Oklahoma embayment on a preceding page, per- 
sisted into the Devonian period. Devonian rocks crop out on both the 
north and the south sides of the embayment, but are buried under younger 
rocks in the center. In the Arbuckle Mountains, where Taff named the 
Devonian and Silurian rocks the Hunton formation, Reeds later sepa- 
rated the systems on the basis of paleontology. He called the Devonian 
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portion of the Hunton, Haragen shale and Bois D’Arc limestone. In 
Arkansas the Clifty limestone, crops out on the north side of the em- 
bayment. It is very thin but, because it contains Devonian fossils, proves 
the former extension of the sea into that area. Farther east along the 
north side of the embayment the Penters chert has been found to be of 
Devonian age (near Batesville). Similar rocks have been described by 
Dunbar from western Tennessee. He differentiates ten different forma- 
tions, most of which consist of chert or limestone. They contain Onon- 
daga, Oriskany, and Helderberg fossils. In northeastern Mississippi, 
according to the work of Morse, the Helderberg is represented by 50 
feet of limestone and conglomerate. 

On the south side of the embayment much siliceous rock occurs in the 
Ouachita Mountains. Part of this has been called the Arkansas Nova- 
culite, and it is believed that the lower part of the Arkansas Novaculite 
is of Devonian age. In the absence of fossils this assumption is based on 
the similarity of materials to the cherts found elsewhere in the embay- 
ment. This is corroborated by the finding of Mississippian conodonts 
in the middle and upper portions of the Arkansas Novaculite. 


NASHVILLIA 


In northern Alabama and central Tennessee a large tectonic element 
is shown which was probably a land mass during Devonian time. The 
evidence on this score is conflicting. In northern Alabama, for instance, 
greenish black shale, from a few inches to 80 feet thick, is recorded from 
numerous wells. This may prove to be of Devonian age, but it is more 
logical to class it as basal Mississippian, by comparison with materials 
found on the outcrop in nearby areas. In the central part of Alabama 
the same shale is found with a thickness of 5 to 20 feet. It is without 
fossils. A sandstone with phosphate nodules occurs below it, and this 
has been called Frog Mountain sandstone by Butts. It contains Oriskany 
and Onondaga fossils, and the thickness varies from 2 to 20 feet. 

Farther northeast, in Georgia, the Chattanooga shale is 30 feet thick 
and is succeeded below by the Armuchee chert (from a few inches to 
40 feet thick) and the Frog Mountain sandstone and shale (800 to 1,200 
feet thick). In eastern Tennessee Keith described the Grainger shale 
and the Chattanooga as Devonian formations. More recent publications 
by Butts indicate that a large part of the Grainger is of lower Missis- 
sippian (Waverly) age, and probably equivalent to the Price or New 
Providence formations. The Grainger pinches out rapidly toward the 
west, leaving only the Chattanooga on Nashville Island. In southwestern 
Virginia the age of the Chattanooga, on which much of the paleogeography 
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hinges, has been worked out in detail. At Big Stone Gap, Ulrich was 
able to differentiate the equivalent of the Mississippian Sunbury forma- 
tion on the basis of typical Lingula milie, as well as the Devonian Genesee 
formation on the basis of Schizobolus truncatus and related forms. Be- 
tween these two he differentiated the Cleveland, Huron, and Portage 
formations of Ohio and New York. Therefore the Chattanooga, at least 
in that part of the United States, is partly Devonian and partly Missis- 
sippian. Farther west in Kentucky and Tennessee the Chattanooga be- 
comes rapidly thinner. It is presumed that this thinning is due to over- 
lap and that therefore only the Mississippian portion of the Chattanooga 
is present on Nashville Island. The same assumption can not be made 
in the case of Cincinnati Island, for some of the black shales on the 
flanks of that island are undoubtedly of Devonian age as proved by the 
recent work of Savage. 
WESTERN SEA 


The Western Sea extends through Montana, Idaho, Wyoming, Utah, 
Nevada, Arizona, and New Mexico into southwestern Texas. The Devonian 
rocks laid down in that séa are predominantly black limestones. They 
are called the Three Forks and Jefferson limestones in the northern part 
of the sea, Nevada limestone in the central part of the sea, and Martin 
limestone in the southern part of it. The thickness of the limestone varies 
from 300 feet to 1,200 feet in Montana, but in Idaho it reaches a maxi- 
mum of 4,000 feet. In central Nevada the greatest thickness for this 
sea is recorded. There Hague and Walcott found 6,000 feet of bluish- 
black limestone with abundant Devonian fossils, which they called the 
Nevada formation. Farther south near the border line between Nevada 
and California Spurr found this same limestone with a thickness of 
about 5,400 feet in the Pahranagat Range. 

In Arizona the Devonian rocks are called Martin limestone. The Mar- 
tin formation consists of gray limestone or dolomite predominantly, but 
also contains some shale and sandstone. It varies from 100 to 500 feet 
in thickness, except near Nogales, where the surprising thickness of 1750 
feet is reported. The section at this point was studied by Stauffer, who 
reports that the upper 250 feet contain fossils of upper Devonian age, 
while the lower 1,500 feet is mostly dark limestone and contains middle 
Devonian fossils. In the Grand Canyon the Devonian limestone is 75 
feet thick; it consists of buff or purple dolomite and was named Temple 
Butte by Walcott. At Clifton, Arizona, and in New Mexico the Devonian 
is represented by a shale instead of a limestone. It is called the Morenci 
shale at Clifton and is probably equivalent to the green shale reported 
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by Ross from Ask Creek in Gila County. In New Mexico the Morenci 
black shale is called the Percha shale. This shale reminds one of the 
Chattanooga by reason of its color and stratigraphic position. It varies 
in thickness from 90 to 500 feet according to data summarized by Darton. 

In Texas the Devonian has been reported from several localities. The 
most interesting occurrence is in the Marathon region, where King re- 
ports the Caballos novaculite. This formation does not contain fossils, 
but is believed to be of Devonian age on the basis of lithology and strati- 
graphic position. If later it should be found to contain Mississippian 
fossils, it would fit in better with the paleogeography. ‘The same state- 
ment applies to the Percha shale farther west and northwest. 


CALIFORNIA SEA 


In California and Oregon Devonian rocks have been found at a num- 
ber of places. In southwestern Oregon, for instance, the May Creek 
formation is thought by Diller to be possibly of Devonian age. It con- 
sists of slate and mica schist with much associated igneous rock. In 
California Diller reports Devonian rocks near Redding in Shasta County. 
The Kennett formation, which he named, consists of 865 feet of black 
slates with middle Devonian fossils. Recently Stauffer has prepared a 
monograph on the fossils found in the Kennett formation and other 
Devonian rocks in California, in which he corroborates Diller’s conclu- 
sions. In the Lassen Peak region and near Taylorsville the Devonian 
is called the Arlington formation and the Taylorsville formation respec- 
tively. In the Taylorsville district (latitude 40 degrees, longitude 121 
degrees) the Taylorsville formation is 1,800 feet thick and consists of 
slate, chert, and sandstone. 

The rocks of the Inyo Range in southeastern California were described 
by Kirk.*| There the Devonian is 1,400 feet thick and consists of im- 
pure, thin-bedded limestone, with some black chert and basal sandstone. 
Fossils are abundant. 


MIsSISSIPPIAN SYSTEM 
GENERAL STATEMENT 
The distribution and thickness of the Mississippian rocks is shown in 
figure 5. For convenience we may divide the epicontinental waters into 
the (1) Eastern Sea, (2) Central Sea, (3) Western Sea, and (4) Pacific 
Sea, (5) Black Hills Strait, (6) Colorado Strait, and (7) New Mexico 
Strait. The Eastern Sea is separated from the Central Sea by two islands 
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Table of Mississippian Formation Names 


Eastern Sea Central Sea 
Divisions 
Ohio East Southeast South Michigan Central South Southwest ay 
Birdsville Mauch Pennington Pennington Pitkin Lower 
Tribune Chunk = Chester Fayetteville &| Caney 
Cypress = Batesville or 
Barnett 
8 Sainte Genevieve 3 Sainte Genevieve 
{ Saint Louis Py Boone | Sycamore 
& Spergen Maxville Greenbrier Newman Bangor “4 | Bayport Meramec 
= | Warsaw a 5 
© Michigan 
& {| Keokuk Logan Pocono Waverly Hartselle Marshall Osage 
& \ Burlington Cuyahoga or Tuscumbia Coldwater Chattanooga &S | Woodford 
; Sunbury or Upper Fort Payne Sunbury = 
Kinderhook Berea Waverly Grainger Maury Berea? Kinderhook Sylamore =) 
Bedford Chattanooga Bedford? 
. Western Sea Pacific Sea 
Black Hills Colorado New Mexico 
Strait Strait Strait 
North Central South North Central South 
Chester Lower Lower Baird 
Quadrant Amsden and 
or Peshastin Bragdon 
Brazer or 
. Madison Lake Hozomeen or 
Middle Pahasapa or Valley or Lower 
Englewood Leadville or Madison Madison Redwall Anarchist 
or Tornado or Calaveras 
Milsap or Pend f 
or Escabrosa White D'Oreille White 
Upper or Chattanooga Pine Pine 
Ouray Modoc 
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and a peninsula. The Western Sea is separated from the Pacific Sea 
by a very narrow tectonic element. The thickness of Mississippian rocks 
is very great in the Eastern Sea, reaching a total of nearly 6,000 feet 
in the Appalachian geosyncline. A deep area of subsidence is also shown 
northeast of Ozarkia, in southern Illinois and adjacent states. A third 
area of great subsidence is on the site of the present Ouachita Mountains, 
where 6,000 feet of Mississippian strata were accumulated. Thicknesses 
are also great east and west of Monzonia. 


EASTERN SEA - 


The Eastern Sea is practically coextensive with the Appalachian geo- 
syncline. In that great sedimentational trough the area which seems to 
have subsided most rapidly lies in western Virginia and in southern West 
Virginia. Here the system is developed with its usual tripartite character, 
having clastics above and below, and limestone in the middle. The lower 
portion, called Pocono or Waverly, is about 600 feet thick in Pocahontas 
County (latitude 37 degrees, longitude 81 degrees), the middle limestone 
is about 1,700 feet thick, and the upper portion, here called Mauch Chunk, 
3,400 feet thick. The three series become rapidly thinner in all directions. 
In Ohio, for instance, the Waverly is 700 feet thick and the middle lime- 
stone about 100 feet thick in many well logs. The upper clastic rocks 
are absent. 

Toward the south, in Tennessee, the three series are present. In the 
older reports the name Grainger has been used. The upper part of the 
Grainger appears to be the equivalent of the Waverly and is about 600 
feet thick. The middle limestone, here called Newman, is 700 feet 
thick, and the upper shale, called Pennington, is about 500 feet thick. 
Recently Butts has traced the typical Mississippian formations from the 
Mississippi Valley into the Appalachian geosyncline. He describes them 
in great detail in the Crossville folio of Tennessee (latitude 36 degrees, 
longitude 85 degrees). There the lower clastic portion of the system 
is 220 feet thick and is called Maury shale and Fort Payne formation. 
The middle limestone is 400 feet thick and is subdivided into the Gasper, 
Sainte Genevieve, Saint Louis, and Warsaw members. The upper or 
Chester series is 700 feet thick and is subdivided into the Pennington, 
Glen Dean, Hardinsburg, and Golconda. 

Still farther south in the Appalachian geosyncline, in Georgia and 
Alabama, complications are introduced by the Parkwood sandstone and 
the Floyd shale. Butts, who described these formations in the Bessimer- 
Vandiver quadrangles, regards the Floyd black shale as the shoreward 
equivalent of the Chester and Meramec portions of the system (Warsaw, 
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Hartselle, Bangor, and Pennington). The Floyd shale is 1,000 feet 
thick, and the Parkwood, which overlies it, is also about 1,000 feet thick 
in the southwestern part of the quadrangle. The Fort Payne, which 
appears to be a correlative of the Waverly series is present over the whole 
quadrangle, and serves as a key horizon. It has a thickness of 200 feet. 
The interesting thing about the Floyd and the Parkwood is that they 
contain a somewhat anomalous assemblage of fossils. For instance, the 
plants in the Floyd shale contain species of Devonian, Mississippian, and 
Pennsylvanian affinities. The Parkwood formation contains Mississippian, 
and Pennsylvanian fossils and thus seems to be a transitional formation. 
It will be illuminating to compare these formations to the Stanley and 
Jackfork formations of the Ouachita Mountain area (see page 522). 


CENTRAL SEA 


Divisional basins—The Central Sea may be divided into three sedi- 
mentational basins: (1) the Michigan basin, (2) the Eastern Interior 
basin, and (3) the Western Interior basin. 

Michigan basin.—In the Michigan basin the most complete and the 
thickest sections appear in the logs of wells drilled in Isabella County 
(latitude 43 degrees 45 minutes, longitude 85 degrees). There the 
lower or Waverly portion is about 1,600 feet thick, and consists of the 
Michigan, Marshall, Coldwater, Sunbury, Berea, and Bedford formations. 
The middle limestone of the system is probably represented by the 75 feet 
of Bayport limestone at the top of the section. 

Eastern Interior basin.—The thickest section found by the writer 
for the Eastern Interior basin is one described by Stuart Weller for the 
Cave-in-Rock quadrangle, in western Kentucky. He divides the Waverly 
series into the Osage and the upper part of the Chattanooga with a total 
of 750 feet. The middle portion of the system consists of the Sainte 
Genevieve, Saint Louis, and Warsaw limestones with a total of 850 feet. 
The Chester series is divided into 15 members or formations of alternating 
limestone and sandstone, having a combined thickness of about 1,200 
feet. Toward the north and northwest, into Illinois and Indiana, the 
system becomes notably thinner because of the loss of the Chester series. 

Western Interior basin._--The Western Interior basin includes parts 
of Iowa, Nebraska, Kansas, Missouri, Oklahoma, and Arkansas. In this 
large area the Mississippian system closely approximates an average 
of 400 feet. The greatest departures from this figure are found in the 
Arbuckle Mountains and in the area northwest of these mountains. 
Beginning at the north, in Iowa, we find three parts of the system repre- 
sented near Fort Dodge in Webster County. The Chester portion is 
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represented by 60 feet of red shale, the middle limestone by 120 feet, and 
the lower or Waverly portion by 340 feet of Kinderhook limestone and 
shale. Farther south in Iowa, the Chester is absent and the other two 
parts of the system vary in thickness. A residual chert is commonly 
present on top of the middle limestone indicating an erosional uncon- 
formity. Similar conditions are met with in the well logs of Missouri, 
Nebraska, and most of Kansas. A somewhat unexpected feature is the 
presence of a considerable thickness of Chester limestone in the well logs 
of south central Kansas and northwestern Oklahoma (latitude 37 degrees, 
longitude 100 degrees). The middle limestone, usually called Boone 
limestone, varies greatly in thickness because of differential solution at 
the top which produced a cherty residual soil, called “chat” by the oil 
well drillers. The full thickness of this limestone approximates 500 feet 
and below it there is usually a variable amount of Chattanooga shale or 
the lighter colored Kinderhook equivalent. 

The southern portion of the Western Interior basin has Mississippian 
rocks which differ in lithologic character from those found farther north. 
The main difference is the greater prominence of black shale and of chert. 
Along the northwest side of Llanoria, from Arkansas through southeastern 
Oklahoma into Texas, the characteristics noted above are very marked. 
In southern Arkansas the Mississippian is represented by the Stanley 
shale, Hot Springs sandstone (local), and upper part of the Arkansas 
Novaculite. The Stanley shale appears to be the correlative of the Floyd 
shale in Alabama. Unfortunately, not enough fossil evidence is at hand 
to establish this point. Nevertheless, the lithology of the two is similar, 
and they appear in a corresponding portion of the stratigraphic sequence. 
The Floyd lies above a Waverly chert formation and the Stanley above 
a Waverly novaculite. In northern Arkansas, the Stanley is represented 
by the Pitkin, Fayetteville and Batesville formations. In southeastern 
Oklahoma, the equivalent formations of the Mississippian system are the 
Woodford and the Caney. The Woodford consists of calcareous chert and 
black shale and is similar to the upper Arkansas Novaculite. The lower 
part of the Caney is dark or black shale and contains Mississippian fos- 
sils. The similarity to the Stanley shale is evident. Locally a thin 
limestone, the Sycamore, appears between the Woodford and the Caney. 
It occupies the position of the Meramec or Sainte Genevieve portion of 
the system. In the Ardmore basin Tomlinson has separated the upper 
portion of the Caney as the basal Pennsylvanian Springer formation. 
There the Mississippian portion is 1,200 feet thick, the Sycamore 200 
feet thick, and the Woodford 650 feet thick. In Texas the Mississippian 
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is represented by the Barnett shale. Its black color suggests an equi- 
valence with the Chattanooga, Woodford, and upper Arkansas Novaculite, 
but it may be equivalent to the Stanley. It is only 100 to 200 feet thick 
where found in well logs and thinner on the outcrop in the Central Mineral 
region. Farther southwest in Texas a novaculite formation has been 
described from the Marathon region (latitude 30 degrees, longitude 103 
degrees). It is called the Caballos Novaculite and is thought to be of 
Devonian age. On the basis of paleogeographic considerations it is prob- 
able that the upper part or all of it is basal Mississippian in age. It 
would seem that the discovery of a few fossils in this formation might 
lead to interesting conclusions. 


BLACK HILLS STRAIT 


The northern strait, which connects the Central Sea with the West- 
ern Sea, crosses the site of the present Black Hills, and may therefore 
be called the Black Hills Strait. At the present time the Mississippian 
rocks are exposed around the flanks of this uplift and have been named 
Pahasapa and Englewood by Darton. Both formations consist of lime- 
stone, and their combined thickness is 690 feet. In a deep well near 
Chadron, Nebraska, the same formations have been differentiated with a 
thickness of about 400 feet. In Wyoming, on the Hartville uplift, the 
equivalent formations are called lower Hartville limestone and Guernsey. 
The Guernsey is composed of clastic materials, indicating nearby land, 
and the system has a total thickness of 400 feet. 


COLORADO STRAIT 


In the strait which occupies central Colorado, the Mississippian rocks 
vary in thickness from less than 100 feet to about 800 feet. Various 
namés have been used in this area. In the eastern part of the strait the 
name Milsap was used. More recently the name Madison and Beulah 
were used in the Proceedings of the Fourth Annual Field Conference of 
the Kansas Geological Society. Near Monarch, in Chaffee County, Craw- 
ford used the name Ouray, a name taken from the southwestern part of 
the State where the upper part of the Ouray limestone is of Mississippian 
age. In the ore-mining districts the name Leadville limestone is used. 


NEW MEXICO STRAIT 


The southern strait between the Central and Western seas extends from 
western Texas through New Mexico into Arizona. In this strait the 
thickness of the Mississippian rocks varies from less than 100 feet to 
about 1,000 feet. In New Mexico the name Lake Valley limestone is 
used, but locally the lower part of the Fierro limestone is the represen- 
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tative of the middle Mississippian system. In the Hueco Mountains 
King reports 400 feet of Chester shale and sandstone. In Arizona the 
Mississippian limestone is called Modoc at Clifton, but in the Bisbee area 
the name Escabrosa was used. Farther west, in the mining camps, the 
name Tornado limestone is used, and toward the Grand Canyon this 
name is replaced by the name Redwall limestone. 


WESTERN SBA 

The Western Sea extends from Montana through Wyoming, Idaho, 
Utah, and Nevada into Arizona. The thickness of the Mississippian 
system in this area varies from less than 200 feet to about 6,000 feet. 
The greatest thickness is reported from the Mackay region in Idaho 
(latitude 43 degrees 30 minutes, longitude 113 degrees) by Umpleby.® 
The remarkable thing about this locality is that the fossils found in the 
strata are all Chester forms. The rock is mostly limestone. Farther 
southeast the Chester is called Brazer limestone and is much thinner. 
Below it occurs the Madison limestone, and these two have a combined 
thickness of 2,700 feet. 

In Montana the Chester is represented by the lower part of the Quad- 
rant formation. In the Big Snowy Mountains Reeves reports 1,100 feet 
of Chester strata and 2,000 feet of Madison limestone below it, making a 
total of 3,100 feet. Elsewhere in Montana, only the Madison is reported. 
for the system, and it averages 1,500 feet in thickness. No doubt future, 
more detailed, work will uncover other localities where the Chester is 
represented. An interesting find is reported by Perry in the deep wells 
of the Kevin Sunburst area. He reports 20 feet of black petroliferous 
shale (Chattanooga?) between the Madison and the Devonian below. 

In Wyoming, the Chester is represented by the lower portion of the 
Amsden. The Amsden has the characteristic Madison limestone under 
it, and the two formations average somewhat over 1,000 feet in thickness. 
In Utah considerable thicknesses of Mississippian rocks are recorded. 
For instance, in the section at Mercur (latitude 40 degrees 30 minutes, 
longitude 112 degrees 15 minutes), Spurr and Schuchert found 6,000 
feet of limestone with some shale and sandstone. In the Deep Creek 
Mountains along the western boundary of the State, T. B. Nolan found 
approximately the same thickness of Mississippian rocks which he called 
Ochre Mountain, Woodman, and Madison formations. The Woodman 
formation contains Chester fossils. In most sections described from Utah 
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the Mississippian rocks have not been differentiated from older and 
younger rocks. 

In Nevada several good sections have been described which will, no 
doubt, serve as guides for future work. One of these is the Eureka 
section described by Hague and Walcott. In that area the Mississippian 
is represented by dark to black shale, called White Pine shale. The Dia- 
mond Peak quartzite which lies above it may be of Pennsylvanian age, 
although it is classified with the Mississippian by Walcott. In the Ely 
district Spencer divided the White Pine into three formations with local 
names. The middle one of these formations is a gray cherty limestone. 
Another good section is described by Longwell from the Muddy Moun- 
tains (latitude 36 degrees 30 minutes, longitude 114 degrees 30 minutes). 
He calls the upper part of the Mississippian, Bluepoint limestone. It 
is 900 feet thick, and the lower portion of the system, which he calls 
togers Spring limestone, is 600 feet thick. In Arizona Darton reports 
2,000 feet of Redwall limestone in the Virgin Range and 1,500 feet in 
Grand Wash Cliff. Longwell believes that these thicknesses are excessive 
and that the lower part of the Redwall may be older than Mississippian. 


PACIFIC SEA 


The Pacific Ocean evidently made great invasions into Cascadia dur- 
ing the Mississippian period. It covered practically all of Washington 
and Oregon, besides a large portion of California and possibly some of 
western Nevada. Along the 49th parallel Daly has described four forma- 
tions, all of which probably consist in part of Mississippian rocks. They 
are the Pend D’Oreille schist, Anarchist quartzite and phyllite, Hozomeen 
schists, and Chilliwack formation. Inasmuch as these strata have been 
greatly altered by regional metamorphism, no separation of the Missis- 
sippian portion can be made at the present time, and therefore the thick- 
ness of the system is mere guesswork. These rocks are correlated with 
the Leech River schists of Vancouver Island and also with the Cache 
River formation of British Columbia. 

In Washington McClellan reports Mississippian fossils in a limestone 
about 3,000 feet thick, on the San Juan Islands. Farther southeast, in 
the heart of the Cascade Mountains, Smith and Calkins found metamor- 
phosed shale, sandstone, and limestone, which they called the Peshastin 
series. Some of this is probably of Mississippian age. In the Mount Stuart 
quadrangle (latitude 47 degree, longitude 121 degrees) Smith described 
the Peshastin series as consisting of black slate, chert, grit, and limestone. 
In northeastern Oregon Lindgren found probable Carboniferous argillite 
and chert about 2,000 feet thick. Just west of the same area, in the 
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Ochoco Range, E. li. Packard found characteristic Mississippian fossils 
such as Productus striatus and Productus giganteus, similar to the Baird 
fauna of California. In California one of the most complete sections 
is the one described by Diller for the Redding quadrangle (latitude 41 
degrees, longitude 122 degrees). There he found 600 feet of tuff and 
sandstone with Mississippian fossils, which he called the Baird formation. 
Below this lies the Bragdon formation, 6,000 feet thick, also with Missis- 
sippian fossils. The Bragdon consists mostly of black shale, but also 
contains some sandstone and conglomerate. In the Taylorsville region 
Diller divides the Calaveras into four formations with a total thickness of 
15,000 feet. Sandstone, slate, chert, and volcanic rocks make up the 
bulk of the Calaveras. Fossils indicate that about one half of this thick- 
ness is of Mississippian age. Farther south in California an excellent 
section is exposed in the Inyo Range (latitude 36 degrees 30 minutes, 
longitude 118 degrees). Kirk refers the Mississippian rocks to the White 
Pine shale and states that the fossils are similar to Caney forms. The 
material is mostly black shale, but limestone, sandstone, and conglomerate 
also occur. If the correspondence of fossils is as close as the literature 
would indicate, one is tempted to suggest that a strait must have been in 
existence across Monzonia at this time. So far as the writer has been. 
able to ascertain, no Mississippian rocks are reported in southeastern 


California, and therefore Monzonia is linked with Calarizonia on the 
map. This region evidently merits close study, because it is a critical 
region for intermigration of marine faunas. 


PENNSYLVANIAN SYSTEM 
GENERAL STATEMENT 


The distribution and thickness of Pennsylvanian rocks is shown in 
figure 6. On this map the Eastern Sea is separated from the Central 
Sea by the tectonic elements of Cincinnatia and Ozarkia. The Western 
Sea connects freely with the Central Sea by means of wide straits. Four 
large “islands” appear on the map. ‘Two of these lie mostly in the State 
of Colorado, one lies in northern Arizona, and the fourth extends from 
New Mexico through the Panhandle of Texas into Oklahoma. Along 
the Pacific side of the continent a large sea covers Washington, Oregon, 
and much of California. A small, detached depositional basin is shown 
in the southern Peninsula of Michigan. 

EASTERN SEA 


The thickness of Pennsylvanian rocks in the Eastern Sea reaches a 
maximum in southwestern Virginia, where Eby reports 5,700 feet of 
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Table of Pennsylvanian Formation Names 
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Pottsville strata. The Pottsville thins rapidly toward the northwest, 
away from the source of clastic material, so that in western West Vir- 
ginia (Nicholas County, latitude 38 degrees 15 minutes, longitude 80 de- 
grees 45 minutes) it has a thickness of only 1,200 feet. The total for the 
whole system is 1,500 feet in that county. Still farther northwest, in 
Muskingum County, Ohio, the Pottsville has dwindled to 200 feet, but 
the Allegheny with 200 feet, the Conemaugh with 400 feet, and the 
Monongahela with 250 feet, bring the total up to about 1,000 feet. 

In Kentucky the Pottsville is 400 feet thick along the eastern boundary 
of the State (Kenova quadrangle). Here the other three series of the 
system are present and have about the same thickness as noted above for 
Ohio. In the London quadrangle, southwest of the Kenova quadrangle, 
the Pottsville thickens to 1,000 feet, and the rest of the system is very 
thin. In eastern Tennessee, only the Pottsville series is present. For 
instance, in the Briceville quadrangle Keith reports 4,400 feet of sand- 
stone, shale, and coal, classified into five formations with local names. 
In the adjoining quadrangle to the west the Pottsville has thinned to 
3,000 feet, and in the next quadrangle still farther west it is only 500 
feet thick. The rate of thinning is very rapid. Farther south, in the 
State of Alabama, only the Pottsville series is present, and here the rate 
of thinning away from the land mass is remarkable. In the Cahaba 
Valley it has a thickness of 7,300 feet, according to Butts. It consists 
of shale, sandstone, coal, conglomerate, and arkose. Below it appear sand- 
stones and shales which Butts calls the Parkwood formation, a part of 
which is certainly of Pennsylvanian age. This makes a total of about 
8,000 feet. Only a few miles to the north numerous well logs in Marion, 
Winston, and other counties show only about 800 feet of the Pottsville 
strata. An interesting stratigraphic problem is presented by the Park- 
wood and the subjacent Floyd formations. The Floyd is composed 
mostly of dark or black shale and grades into the Parkwood. It carries 
Pennsylvanian, Mississippian, and Devonian fossils, while the Park- 
wood contains Mississippian and Pennsylvanian forms. Both were ap- 
parently laid down close to Appalachia and thin rapidly to the northwest. 
The Floyd reaches farther than the Parkwood and comes in under Potts- 
ville rocks in the Birmingham Valley. 


CENTRAL SEA 
Ouachita Trough.—Similar conditions obtain in the Ouachita trough 
west of Alabama. There Miser reports the Stanley shale as a black shale 
and the Jackfork above it as a sandstone formation. The age of these 
two is in dispute because fossils are few and noncommittal. If the Stan- 
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ley is the stratigraphic equivalent of the Floyd and the Jackfork the equi- 
valent of the Parkwood, then both may be wholly or partly Pennsylvanian. 
The black shale which overlies the Jackfork in places (Johns Valley 
shale) would then be comparable to some Pottsville horizon above the 
Parkwood. If we add the Atoka formation which is undoubtedly of 
Pottsville age to the Jackfork and upper half of the Stanley, a total of 
18,000 feet is obtained, which corresponds closely to the figure obtained 
by careful measurements in the Ardmore basin. 

Northern Arkansas.—These formations drop down into the deep Arkan- 
sas Valley syncline and are difficult to trace. Where they reappear in 
northern Arkansas, the Stanley correlates best with the Chester forma- 
tions (see table on page 519) and the lowest Pottsville formation, the 
Morrow. Fossils of Morrow age have also been found in the Jackfork 
formation. If these correlations prove to be correct, then the Winslow 
which overlies the Morrow becomes the stratigraphic equivalent of the 
Atoka formation. Thus all these formations correspond to Pottsville or 
older formations farther east, and therefore no Allegheny or younger 
Pennsylvanian rocks are to be expected in the Arkansas Valley. This 
is in close agreement with the findings of Oklahoma geologists, for they 
believe that the Calvin-Fort Scott horizon, which can be traced from 
Kansas through Oklahoma, is the approximate line between the Potts- 
ville and the Allegheny. 

Western Interior basin—The Pennsylvanian rocks of Iowa, Kansas, 
Oklahoma, and Texas are difficult to correlate. Very few invertebrate 
fossils have been found which are restricted in their range in such a way 
as to delimit portions of the system. In a general way, it may be stated 
that the sediments are thickest and most clastic near Llanoria. The 
greatest recorded thickness is that of the Ardmore basin, where Tomlin- 
son records 17,000 feet. The lowest formation, called the Springer, is 
mostly black shale and corresponds to the upper part of the Caney and 
of the Stanley. Above it the Dornick Hills, Deese, Hoxbar, and Pontotoc 
formations appear in the order named. The Ardmore basin section is 
separated from equivalent rocks on the north by the Arbuckle Mountains, 
and from the equivalent rocks in Texas by a blanket of younger rocks. 
Therefore, close correlations are not possible at present. North of the 
Arbuckle Mountains the Pennsylvanian rocks thin rapidly from 8,000 
feet to about 3,000 feet at the Kansas State line. In Texas the Pennsyl- 
vanian rocks thin toward the south as well as toward the west. The 
thickest section in Texas is 5,300 feet and includes the Cisco, Canyon, 
Strawn, and Bend formations. This great thickness was found in a well 
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drilled in Young County by the Humble Oil Company. The figures 
shown on the map east of Young County, are incomplete, because the 
upper part of the system is missing in that direction by progressively 
larger amounts. Near Dallas, for instance, only the Strawn and Bend 
are present and have a thickness of 3,400 feet. In southwestern Texas 
the Pennsylvanian rocks crop out in the Marathon area. They have been 
described in detail by P. B. King, who reports a total of about 7,800 feet 
for the Gaptank, Haymond, Dimple, and Tesnus formations. 

In the area of the Central Sea which lies north of Oklahoma the 
Pennsylvanian rocks are more uniform in character. For the most part 
they consist of shales and limestones. The thickness gradually becomes 
less from south to north, indicating that Llanoria furnished most of the 
clastic material. A pronounced thinning is shown from the west toward 
the Ozark dome. This is due to the absence of the higher formations of 
the system. The rather unique channel deposits of Warrensburg and 
Moberly are not shown on the map, but a similar channel is indicated 
in northern Iowa, west of Fort Dodge, by a thickness of 1,000 feet in an 
area where the average is about 150 feet. 

Eastern Interior basin.—Returning now to the area north of Ozarkia, 
which is called the Eastern Interior coal basin, an examination of the 
map shows the greatest thickness of Pennsylvanian rocks in southeastern 
Illinois. For the Shawneetown quadrangle, for instance, Butts reports 
nearly 2,400 feet. This is divided into 1,000 feet of McLeansboro (ap- 
proximately Conemaugh), 350 feet of Carbondale (approximately Alle- 
gheny), and 1,000 feet of Tradewater and Caseyville (approximately 
Pottsville). The rather striking thickness of rocks in this part of the 
sea leads one to suspect that the Cap au Gres fault has something to do 
with it. Movement along this fault in late Mississippian (Chester) time 
and continued during Pennsylvanian time would explain the deep area 
of subsidence in southern Illinois and northwestern Kentucky. As re- 
gards the source of clastic material in the Chester section, as well as in 
the Pennsylvanian, one must conclude that Appalachia is responsible. 
Ozarkia, although it is nearer, could hardly furnish much sand because 
of the predominance of calcareous rocks within its area. If this con- 
clusion is correct, then the isthmus connecting Cincinnatia and Ozarkia 
was not in existence during Pennsylvanian time. 


BLACK HILLS STRAIT 

The northern strait, which connects the Central Sea with the Western 
Sea, extends from Nebraska and South Dakota through Wyoming into 
Montana. Pennsylvanian rocks exposed in the Black Hills are called 
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Minnelusa by Darton and consist of reddish limestone and sandstone. 
Farther west in Wyoming, the Tensleep and upper part of the Amsden 
replace the Minnelusa, with approximately the same average thickness. 
In Montana the equivalent rocks are the upper part of the Quadrant. 
The Quadrant also contains Permian rocks in some places. The average 
thickness of the Pennsylvanian portion is about. 500 or 600 feet. 


COLORADO STRAIT 


In the rift valley of central Colorado, which appeared between the 
tectonic elements of Uncompahgre and Uintah during the Pennsylvanian 
period, somewhat unique conditions existed. Coarse clastics with bright 
red colors and much arkosic material were accumulated in this rift val- 
ley. It should be pointed out, however, that these unique characteristics 
apply only to the upper Pennsylvanian. The lower Pennsylvanian rocks, 
called Weber sandstone and Weber shale, are pale-colored and similar to 
the rocks farther east. Along the Front Range, the Glen Eyrie shale 
contains Pottsville fossils. This pale-colored sequence probably repre- 
sents the Des Moines portion of the sequence in the Western Interior 
basin. In south central Colorado and northern New Mexico this part 
of the Pennsylvanian is called Magdalena limestone. The red-colored 
rocks of the upper Pennsylvanian are usually called Fountain formation, 
but in the Colorado Strait the name Maroon formation is more common. 
On the north and northeast side of Uncompahgre, the thickness of the 
Pennsylvanian system reaches nearly 10,000 feet. 

In northern New Mexico and southwestern Colorado the arkosic char- 
acter of the Pennsylvanian is much in evidence, but the red colors are 
commonly absent. The Magdalena limestone varies from 1,000 feet 
to about 6,000 feet in thickness. In southwestern Colorado the equiv- 
alent strata are called Hermosa and Molas. They have an average thick- 
ness of 2,000 feet. Farther south in New Mexico pure limestone and 
dolomite appears as the Pennsylvanian rock. The name Magdalena is 
used over most of the area, but in southwestern New Mexico the upper 
part of the Fierro limestone appears to be its equivalent. In the El 
Paso region the lower part of the Hueco limestone is assigned to the 
Pennsylvanian period. 

WESTERN SBA 

The Western Sea extends from Montana southward through Idaho, 
Utah, Nevada into southeastern California. The greatest thickness in 
this sea is recorded from the Mackay region, Idaho (latitude 43 degrees 
30 minutes, longitude 113 degrees), by Umpleby. This section shows 
mostly sandstone, but some limestone and conglomerate is also included. 
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Farther west, in the Wood River area, Westgate and Ross report 5,600 
feet of clastic rocks with Pennsylvanian fossils. In southeastern Idaho 
Mansfield found about 3,000 feet of Pennsylvanian sandstone and lime- 
stone which he calls the Wells formation. 

In Utah local names are used for the system, although the term Weber 
sandstone is applied over a considerable area. The thicknesses given in 
various reports are not entirely dependable, because of reduplication of 
beds by strike faults, etcetera. For example, the thickness of 15,000 
feet for the Pennsylvanian rocks in the Oquirrh Range is probably exces- 
sive. A thickness of about 5,000 feet is probably close to the average for 
this part of the Western Sea.. Nolan found a thickness somewhat in 
excess of this figure in the Deep Creek Mountains (latitude 40 degrees, 
longitude 113 degrees 45 minutes). In Nevada local names are also 
used. Much of the information available at present, for this State, is 
based on reconnaissance work of Ball and of Spurr. Their work, of 
course, was in turn based upon the work of Hague and Emmons, who 
had a tendency to use Weber sandstone for the Pennsylvanian. In the 
Battle Mountain area, Hill reports 2,000 feet of limestone with 2,500 
feet of quartzite and red shale beneath. At Eureka Walcott reports 2,000 
feet of clastics with 3,000 feet of dark limestone beneath, making a total 
of 5,800 feet. If the Diamond Peak quartzite (which he classes as 
Mississippian) is included, the total becomes 8,800 feet. In the Muddy 
Mountains of southern Nevada Longwell reports 2,000 feet of Callville 
limestone. 

PACIFIC SEA 

The Pacific Ocean apparently covered part of the American continent 
during Pennsylvanian time. Rocks of this period have been found in 
Washington, Oregon, and California. Along the International Boundary 
Daly found and described four different formations, each of which is prob- 
ably in part of Pennsylvanian age. The Pend D’Oreille formation, which 
crops out near the borderline between Washington and Idaho, contains 
fossils of Pennsylvanian age. This fact was recently established by C. W. 
Drysdale who studied the Mount Roberts formation, which is the equiv- 
alent of a part of the Pend D’Oreille in southern Canada. A short dis- 
tance to the west the Anarchist formation crops out and still farther west 
the Hozomeen. Both of these are believed to be of Carboniferous age. 
The Chilliwack formation, which crops out still farther west, contains 
fossils which are correlated with those of the Nosoni formation by 
Girty. Because of the much disturbed condition of these formations, it 
is impossible to assign a definite thickness to the Pennsylvanian portion. 
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In central Washington the Peshastin formation is believed to be of the 
same age as the formations just described. In Oregon Lindgren found 
argillite, chert, and limestone about 1,500 feet thick in the area of the 
Blue Mountains (latitude 45 degrees, longitude 118 degrees). Only a 
few fossils were found, but they indicate a Carboniferous age for the 
strata. Diller also reports Carboniferous slates, cherts, and limestones 
in the Galice-Kirby quadrangle of southwestern Oregon (latitude 43 de- 
grees, longitude 124 degrees). 

In California the rocks of this period have been found within a large 
area extending from the Klamath Mountains in the northwestern part 
of the State, southeastwardly, through the Sierra Nevada Mountains as 
far as the Inyo Range in the southeastern part of the State. Over most 
of this area repeated diastrophism during the Appalachian revolution and 
the Jurasside revolution has produced highly metamorphosed and closely 
folded strata. Thicknesses are, therefore, unreliable and uncertain. Fos- 
sils have been found at a number of points, notably at Redding and in 
the Taylorsville area. Usually, the name Calaveras is used for the Car- 
boniferous rocks in California. Where it is possible to divide them, 
the names Robinson, Nosoni, and McCloud are used. For instance, in 
the Redding area Diller reports 1,000 feet of Nosoni consisting of tuff, 
shale, sandstone, and limestone, and 2,000 feet of the McCloud forma- 
tion, consisting of cherty limestone. In the Taylorsville area he reports 
1,500 feet of the Robinson formation consisting of conglomerate, sand- 
stone, and shale. Under this formation lie the Peale and Shoo Fly forma- 
tions, both divisions of the Calaveras, and possibly in part of Pennsyl- 
vanian age. The Pennsylvanian rocks of the Inyo Range in southeastern 
California have been described by Kirk. There the rocks have not been 
subjected to such intense diastrophism as farther west, and therefore 
it is possible to work out the stratigraphy more satisfactorily. Kirk re- 
ports 250 feet of Reward conglomerate with 3,000 feet of shale and lime- 
stone below it, which contain fresh-water and marine fossils of Penn- 
sylvanian age. A quartzite without fossils appears in the section next be- 
low these strata and at the base of the section there is a hard siliceous lime- 
stone 1,000 feet thick. The total for the system in the Inyo Range is about 
7,700 feet. 

NEW ENGLAND 

A white area appears on the Pennsylvanian map in eastern New Eng- 
land. This area contains a remarkable thickness of Pennsylvanian strata. 
In southeastern Massachusetts and in Rhode Island they are about 12,000 
feet thick and consist of coarse clastics with coal. The formation names 
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applied to them are Dighton, Rhode Island, Wamsutta, and Pondville. 
In the central part of the State these strata are very intensely metamor- 
phosed into schists of unknown thickness. Pennsylvanian rocks were 
described from the southwestern part of Maine by Katz.® They consist 
of quartzites, slates, and phyllites, with a thickness of about 4,300 feet. 
Katz applied the name Casco Bay group to them, but he separates the 
basal quartzite from the rest as the Kittery formation. 


PERMIAN SYSTEM 
GENERAL STATEMENT 


The thickness and distribution of the Permian rocks in the United 
States is shown in figure 7. Two widely separated basins received the 
sediments of this period, one a small area in the east and the other a much 
larger area in the west. The greatest thickness in the Eastern Sea is 
about 1,200 feet, but in the western part of the country at least 6,000 feet 
are known to occur and it is possible that some sections show 9,000 feet as 
a maximum. 

EASTERN SEA 

The small remnant of the Eastern Sea centers about the southwestern 
corner of the State of Pennsylvania. It includes portions of Maryland, 
Ohio, West Virginia, and Pennsylvania. In 1891 I. C. White named 
the rocks in this area the Dunkard Series, from the good exposures along 
Dunkard Creek, in Greene County, Pennsylvania. Later two formations 
were distinguished, the Greene and the Washington, the names being 
taken from the counties in southwestern Pennsylvania. The Dunkard 
series is made up chiefly of clastic rocks. In Pennsylvania the materials 
which make up the system, in the order of their abundance, are shale, 
sandstone, limestone, coal, and massive sandstone. In Ohio similar 
rocks are found, but more red sediments are present. A rather unique 
feature is the occurrence of mica flakes in the limestones. The lithologic 
character of the rocks indicates that lakes and swamps furnished the basins 
of deposition. The fossils comprise plant remains, fish scales, fish teeth, 
pelecypods, and ostracods. Dwarfed forms are common. Land reptiles 
are indicated by coprolites as well as by a partial skeleton found near 
Marietta, Ohio. The clastic materials were derived from the east because 
the variations in coarseness are from east to west, and the thinning is 
also in that direction. 


®U. S. Geol. Survey Prof. Pap. 108. 
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CENTRAL SEA 


Discussion of divisions—The Permian rocks in the large western area 
are difficult to correlate from place to place. Fossils are scarce and not 
always diagnostic. In fact one gets the impression after a study of the 
literature, that the distinction between Permian and Pennsylvanian is 
artificial and strained. For instance age determinations based on plants 
are distinctly contradictory to the evidence furnished by invertebrates. 
For the sake of convenience the Central Sea may be divided into a Western 
Interior basin and a West Texas basin. The Western Interior basin in- 
cludes most of Nebraska, Kansas, eastern Colorado, Oklahoma, and 
eastern Texas. In Nebraska and Kansas the Permian rocks may be - 
divided into two groups, the Cimarron and the Big Blue. The Cimarron 
group consists of red beds, shales, and sandstones, as well as some of the 
evaporite rocks such as gypsum, salt, and dolomite. The Big Blue 
group is quite different. It consists of shales and limestones very much 
like the Pennsylvanian beneath it. These groups can only be differentiated 
on the outcrop in Kansas and Nebraska, for westward and southward the 
characteristics of the Cimarron group encroach upon the Big Blue group, 
so that eventually they are lithologically alike. In Oklahoma the upper 
part of the Cimarron is called the Woodward formation. The lower 
part of the Cimarron and the Big Blue are the Enid group. In Texas 
the Woodward becomes the Double Mountain and the Enid becomes 
the Clear Fork and Wichita-Albany formations. In eastern Colorado 
the Permian system is thin, and the name Lykins is usually applied to it 
there. 

The source of clastic materials for these formations lay to the south 
and the west. During the previous period great anticlines of sandstone 
had been thrown up in front of Llanoria to make the Ouachita Moun- 
tains. They were subject to rapid erosion. Another source of coarse 
clastics was the Uncompahgre tectonic element which was uplifted at the 
same time. Nevertheless, the great thickness of conglomerate and its 
coarse, arkosic nature which is now to be seen in the Colorado Strait and 
in central Colorado, indicates that much of the material from Uncom- 
pahgre remained near its source. Much of the Permian rock in the 
Western Interior basin is red siltstone and claystone. This finer mate- 
rial may well have originated on Ozarkia. The thick dolomites of that 
element had been subjected to weathering since Canadian time. This 
resulted in the formation of a red silty soil which was carried off into the 
Permian sea. During periods of crustal quietude, evaporation of sea 
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water produced thin bands of dolomite, as well as gypsum and salt in 
restricted areas. 

West Texas basin.—The great syncline in western Texas and eastern 
New Mexico is often called the Permian basin because of the great thick- 
ness of Permian rocks that were accumulated there. On the eastern side 
of the basin the Permian rocks are now exposed at the surface and have 
been called Double Mountain, Clear Fork, and Wichita-Albany. On the 
western side, in the central portion of New Mexico, the equivalent rocks 
crop out. There they are called Pecos redbeds, Rustler, Castile, Carlsbad, 
Delaware Mountain, and Yeso and Abo. Between these two outcrop areas 
the rocks are largely concealed but have been explored by the drill. Enor- 
mous thicknesses of dolomite, gypsum, and salt are found there which no 
doubt grade horizontally into the rocks on the margins. In the south- 
eastern corner of New Mexico, for instance, the salt alone is over 1,000 
feet thick and the evaporite materials have a total thickness of 6,000 
feet. The thickest section on record for this basin is reported for the 
Delaware-Guadelupe Mountains in southern New Mexico. The 9,000 
feet total for this section is probably too great. 

Much uncertainty still exists with regard to the boundary line be- 
tween the Pennsylvanian and Permian rocks. For instance, the 3,445 
feet of dark shale and limestone found in the deep wells of the Big Lake 
pool, which had been called Pennsylvanian, has recently been placed in 
the Permian system on the basis of Fusulinas and other microfossils. 
Only 595 feet were left in the Pennsylvanian, making a total of 6,900 
feet for the Permian. Apparently the views of paleontologists and those 
of stratigraphers are far apart in this area. In the Glass Mountains in 
southwestern Texas the Permian rocks are also exposed. They have been 
described by P. B. King in a most detailed and comprehensive manner. 
He divides the Permian into the Capitan formation 2,800 feet thick, the 
Word formation 1,500 feet thick, Leonard 1,800 feet, Hess 2,130 feet, 
and Wolfcamp 700 feet thick. Most of these formations contain clastic 
materials, but the first four also contain much dolomite. 


BLACK HILLS STRAIT 

The Black Hills Strait extends from Nebraska through Wyoming into 
Montana as a rather wide seaway. In this strait the Permian has an 
average thickness of 350 feet. Generally speaking, the system has a two- 
fold aspect, consisting of limestone above and red clastics below. These 
rocks are called Minnekahta limestone and Opeche shale in the Black 
Hills and surrounding localities. Near Laramie, Wyoming, the Forelle 
limestone and Satanka shale are their equivalents. Farther west in Wyo- 
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ming,’ the exact limits of the system are in dispute. The Embar lime- 
stone and shale, originally thought to be Permian is now divided into a 
Triassic portion, the Dinwoody, and a Permian portion, the Phosphoria. 
The Chugwater formation, which was thought to be wholly Triassic, is 
now placed partly in the Permian. In the extreme western part of 
Wyoming the names Phosphoria and Park City are used for the Permian 


strata. 
WESTERN SEA 


The Western Sea extended from Montana through Idaho and Utah 
into southern Nevada and southeastern California. The system’s average 
thickness is about 400 feet. A detailed description of the Permian rocks 
was given by G. R. Mansfield for the southeastern part of Idaho, as 
well as for adjacent areas. He uses the name Phosphoria formation, 
and divides it into the Rex chert above with shale, limestone, sandstone, 
and phosphate below. The formation may be traced northward through 
the Red Rock Lakes district into Montana as far as the Phillipsburg 
quadrangle. It is possible that the formation will be found even more 
widespread when the upper part of the Quadrant formation has been 
reexamined carefully over the area of its outcrop. The Park City forma- 
tion of northeastern Utah presents the same lithologic variations as the 
Phosphoria and is doubtless equivalent to it. It has been traced east- 
ward along the north flank of the Uinta Mountains by Sears, and in 
the famous Vermillion Creek section of northwestern Colorado he uses 
that name for the Permian rocks. 

In western Utah Nolan found 600 feet of Permian rocks in the Deep 
Creek Mountains (latitude 40 degrees, longitude 113 degrees 45 minutes). 
He uses the name Gerster formation, which he states consists of shaly 
and sandy limestone and contains abundant fossils. In Nevada south- 
west of the Deep Creek Mountains, Permian rocks have been found 
in the Eureka section. Arnold Hague described a limestone with intra- 
formational conglomerate at the top of the section. The limestone is 
compact and pure and contains fossils which have been recently reinter- 
preted as of Permian age, although originally included with the Penn- 
sylvanian. In the Manhattan district nearby, Ferguson found Permian 
sandstone, shale, and quartzite resting on Ordovician rocks. Finally, in 
the Inyo Range in southeastern California Kirk reports a limestone 
(Owenyo) 125 feet thick containing Permian fossils. 


NEW MEXICO-ARIZONA STRAIT 


In the area south and southwest of Uncompahgre the Permian sys- 
tem consists typically of a limestone at the top, a cross-bedded sandstone 
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in the middle, and red shale at the base. The top limestone is called the 
Kaibab limestone, the middle sandstone is the Coconino, and the basal 
shale is the Supai. The Kaibab reaches its greatest thickness of 700 feet 
in Kaibab Gulch of southern Utah. It thins to the east and is missing 
in southeastern Utah. There also, the facies of the lower Permian is 
changed so that Baker and Reeside have divided it into the Hoskinini 
shale, De Chelly sandstone, Organ Rock shale, Cedar Mesa sandstone, 
Halgaito shale, and Rico sandstone at the base. When traced toward 
the east and toward the source of sediments, the upper members of this 
succession become the Cutler formation in southwestern Colorado. There 
the Cutler and Rico have a combined thickness of about 2,000 feet. 
The Cutler consists of bright red shale, sandstone, conglomerate, and 
shale, while the Rico is made up of darker red clastics. 

In northern Arizona the Permian succession consists of the Kaibab 
limestone above, the Coconino gray sandstone, the Hermit red shale, and 
the Supai at the base. The last two formations used to be considered as 
of Pennsylvanian age, but recent paleontologic evidence seems to indi- 
cate that they should be included with the Permian. According to Noble 
these formations are best displayed in Jumpup Canyon (latitude 36 de- 
grees 30 minutes, longitude 112 degrees 45 minutes), where the Hermit 
is 800 feet thick and separated from the violently cross-bedded sandstone 
of the Supai by an erosional unconformity. Farther east, in northern 
New Mexico, the Permian is represented by the Chupadera and the Abo. 
Of these the Chupadera corresponds roughly to the Kaibab and the Abo 
to the lower clastic formations. 


CONCLUSIONS 


Careful plotting of the distribution and thickness of Paleozoic systems 
suggests the following conclusions: 

1. The paleogeography of the United States did not change radically 
during the Paleozoic era. The great areas of subsidence or foredeeps re- 
mained fixed within relatively narrow zones. The positive tectonic ele- 
ments which functioned as land masses maintained their relative posi- 
tions with remarkable exactness until Permian time. Their area be- 
came larger or smaller chiefly as a result of eustatic movements of the 
strand line. 

2. Two great disturbances are indicated in the stratigraphic record— 
the Taconic and the Hereynian. The Taconic revolution reached its first 
climax after Canadian time and continued with less notable effects until 
the end of the Ordovician period. The Hercynian revolution began at 
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the beginning of Chester time. It reached its climax during lower Penn- 
sylvanian time but continued with subdued spasms of diastrophic move- 
ments until the end of Permian time. 

3. Black graptolitic shales foreshadow violent diastrophic movements 
in adjacent land masses. They probably represent the detritus which 
is first washed off a newly rising land mass when the streams are re- 
juvenated. This principle is well illustrated in the Ordovician and in 
the Mississippian sequence. 

4. There appears to be a definite relationship between the accumula- 
tion of carbonaceous sediments and the precipitation of silica from sea 
water in adjacent areas. 

5. Too many unnecessary names for stratigraphic units are now in 
use. It is possible to reduce the number considerably without doing vio- 
lence to geologic history or sacrificing the advantages due to careful 
paleontologic work. 
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INTRODUCTION 


The Sierra de Jimulco is situated in the southwestern corner of the 
State of Coahuila, about 12 miles southeast of the city of Torreon. From 
the Coahuila-Durango State line along Rio Aguanaval the range extends 
eastward for more than 50 miles. It is 11 to 18 miles wide and covers 
an area of about 800 square miles. 

From the broad plain of Viesca the Sierra de Jimulco rises to the south 
in a rugged and forbidding mountain mass. The highest peak is the 
Picacho de Jimulco in the southwest corner of the range, rising to about 
7000 feet elevation with a relief of more than 2000 feet above the valley 
of Rio Aguanaval (figure 3). Dissecting the range are a number of broad, 


* Manuscript received by the Secretary of the Society January 6, 1932. 
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flat valleys from which the bordering rock ridges ascend precipitously. 
These valleys make it possible to reach the central part of the mountain 
area by automobile and greatly facilitated its study. The aridity of the 
region and the small number of ranches within the mountains make it 
impractical to use saddle animals, so that most of the actual field work 
was done on foot. 

Two base maps on a scale of 1 to 500,000 are available; Abbott’s map 
of the State of Coahuila, and the Durango State map published by the 
Secretaria de Agricultura y Fomento in 1909, which includes portions of 
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FIGURE 1.—Index Map of Northern Mevzico 
Hatched area shows location of Sierra de Jimulco. 


western Coahuila and northern Zacatecas. The scale of these maps is 
too small for plotting individual dip readings, and the complexity of the 
structure made this essential. Observations were therefore tied in by 
pace and automobile Brunton traverses and plotted on a scale of 1 to 
100,000. 

These studies in the Sierra de Jimulco were undertaken as part of a 
regional reconnaissance in the western and southern part of the belt of 
cross folds which extends westward from the Monterrey salient in the 
Sierra Madre Cordillera. It is believed that the intensive study of this 
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belt will lead to a better understanding of the nature and cause of cross 
trends in mountain folding. The work of the University of Michigan 
expedition to the San Carlos Mountains of Tamaulipas last summer 
showed that the belt of east-west folds persists beyond the Sierra Madre 
front and controls the structure of that outlying range. It is proposed 
to continue the work in this zone of cross folds and to carry out more 
detailed mapping in the ranges along its western and southern margins. 
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FIGURE 2.—Physiographic Map of Southwestern Coahuila 
Copied and reduced from Abbott’s Map of Coahuila, scale 1-500,000. 
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from the National Research Council and from the University of Michigan. 
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greatly encouraged by the members of the staff. To Prof. E. C. Case, 
Director of the Museum of Paleontology, the writer is particularly in- 
debted for his continued interest in the problems under investigation and 
for his sound advice in preparation of the manuscript. 
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Grateful acknowledgment is also made of the cooperation given by 
William A. Baker, Jr., chief geologist of the Compafiia de Petroleo Mer- 
cedes, 8. A:, in furnishing the base maps used in the field and in assist- 
ing the writer in every way possible during his trip to Mexico. 


STRATIGRAPHY 


GENERAL STATEMENT 


Several thousand feet of Jurassic and Cretaceous sediments are ex- 
posed in the Sierra de Jimulco. Intensive folding which tilted the 


FiGuRE 3.—El Picacho de Jimulco 
View westward across gravel hills along south side of Sierra de Jimulco. 


strata on edge, and deep erosion which dissected them, have revealed a 
thick rock section in a relatively short distance. In describing the 
stratigraphy the writer will use for comparison the succession of litho- 
logic units and faunal zones in the published sections of earlier geological 
reports on nearby mountain ranges. 


JURASSIC 


Ozfordian—The lowest beds of Sierra de Jimulco are yellow sand- 
stones and quartzites exposed in the Cation del Chivo and in the Cafion 
de Juan Eugenio, east and west of the Cuesta de San Ignacio (see 
figure 5). In the former locality these sandstones form an anticlinal 
ridge near the center of the valley (figure 6). In Cafion de Juan 
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Eugenio massive quartzites, shot through with many veins of white 
quartz and intensely jointed, are overlain by green and red sandstones 
interbedded with shales which outcrop on the Cuesta de San Ignacio and 
along the canyons. Above these varicolored beds is a series of gray lime- 
stones in thin ledges at the base, passing upward into impure, yellow and 
pink siliceous limestone. On the drainage divide at the top of the Cuesta 
this limestone forms a prominent southward facing escarpment, with red 
shales outcropping in the slope below. From this point eastward it 
forms a ridge of vertical beds separating Cafion de Froncidero on the 
north from Cafion del Chivo on the south. It also forms the backbone 


Figure 4.—Overturned North Flank of the Viesca Anticline 
It forms the mountain front south of Viesca. 


of the ridge on the southeast side of Caion del Chivo, separating it from 
Cafion de San Antonio. Further west near Pajonal the anticlinal ridge 
of massive limestone which separates the Pajonal valley on the north 
from the Rincén de Santa Rita on the south is regarded as the same lime- 
stone unit of the Jurassic. 

At San Pedro del Gallo in Durango,’ 50 to 60 miles northwest of 
Sierra Jimulco, the upper Oxfordian consists of varicolored shales and 
marls interbedded with gray limestones and some beds of sandstones. 
They contain a large ammonite fauna in which Newmayria, Perisphinctes, 
and Ochetoceras are the principal genera. Below these upper Oxfordian 


1 Carlos Burckhardt : Faunes Jurassiques et Cretaciques de San Pedro del Gallo. Inst. 
Geol. Mexico, Bol. 29, 1912, pp. 209-213. 


q 
i 


546 L. B. KELLUM—STUDIES IN THE SIERRA DE JIMULCO 


beds are 600 to 700 meters of sandstones, quartzites, and Nerinea-bearing 
limestones of undetermined age. In the Sierras de Ramirez and Symon,? 
Durango and Zacatecas, about 15 and 25 miles south of the Sierra de Ji- 
mulco, the Oxfordian is represented by Nerinea-bearing limestone. Seventy 
miles southeast in the Sierra de Santa Rosa and Sierra de la Caja * the 
Nerinea limestone is overlain by 24% meters of reddish and black lime- 
stones carrying a bivalve fauna of Upper Oxfordian age. In the Sierra 
Madre Oriental east of Saltillo and south of Monterrey, 125 miles east of 


Figure 6.—Anticlinal Ridge in Center of Caiion del Chivo 
Looking south 65 degrees west up the canyon. 


Sierra de Jimulco, Bése * found Oxfordian limestone in the deep valley of 
San José de Boquillas and in the Caton de Santa Catarina. 

The lowest strata exposed in Sicrra de Jimulco, here referred tenta- 
tively to the Oxfordian, is seen to be lithologically more like the Oxfordian 
of the San Pedro del Gallo section—that is, a near shore facies—than 
the sections which have been described in ranges to the south and east. 

Kimmeridgian and Portlandian.—Along the south side of Caiion del 
Alamo, south of Viesca, the following series of shales, sandstones, and 


2 Carlos Burckhardt : Faunas Jurasicas de Symon (Zacatecas). Inst. Geol. Mexico, Bol. 
33, 1919, p. 64. 

*Carlos Burckhardt: Faune Jurassique de Mazapil avec un appendice sur les fossiles 
du Crétacique Inférieur. Inst. Geol. Mexico, Bol. 23, 1906, pp. 161-162. 

4 Emil Bise: Vestiges of an ancient continent in northeast Mexico. Amer. Jour. Sci., 
5th ser., vol. 6, no. 33, 1923, pp. 203 and 208. 
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Ficurk 5.—Geologic Map of the Sierra de Jimulco, Coahuila, Mezico 
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Ficurn 5.—Geologic Map of the Sierra de Jimulco, Coahuila, Mezico 
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limestones form the talus slope beneath an escarpment of Cretaceous 


limestones : 
Feet Inches 


Medium gray limestone in alternating thick and thin ledges 


5 
Sandstone of coarse quartz grains and pebbles of sandstone 

up to ¥% inch diameter. Weathers yellow............... 7 
Gray sandy shale with stringers of sandstone.............. 45 
Dark-gray limestone, hard, siliceous and gypsiferous....... + a 


Thinly laminated gypsiferous shales with thin stringers of 
black, coarse sandstone and few ferruginous lime nodules. 
The shales weather yellow or pink. Ammonite horizon 30 


Dark-gray hard limestone ledges 3 to 12 inches thick with 

Dark-gray calcareous shale and shaly limestone in ledges 


In the ammonite bed near the center of the section the principal genera 
are Berriasella and Steweroceras, indicating upper Portlandian age. The 
sandstones above are probably Portlandian or may represent transition 
beds with the overlying Cretaceous. Bdse has described a thick sandstone 
unit at the top of the Portlandian in the Canyon of San José de Boquillas 
in the mountains east of Saltillo, Coahuila. At the known localities in 
northern Zacatecas and Durango the Portlandian consists of shales, marls, 
and limestones. 

Beds below the fossil horizon in the Alamo Canyon section of Sierra de 
Jimulco probably belong in part to the Kimmeridgian. Similar lime- 
stones and shales make up the Kimmeridgian in northern Zacatecas. 

In the western part of Sierra de Jimulco, shales and sandstones below 
the Cretaceous are widely exposed along the great canyons in the central 
part of the range. Cafion de Froncidero is cut along the strike of these 
beds between nearly vertical ridges of Cretaceous limestone on the north 
and Oxfordian limestone on the south. The broad valley from which it 
drains has been formed by the stripping of the overlying limestone in an 
area where the beds are less steeply inclined. Los Caiiones, to the north- 
west, is a wide valley exposing 200 feet of yellow and pink gypsiferous 
shales directly below the limestone. In the upper part of these shales at 
Mina de los Chinos there is a 20-foot seam of soft coal. It grades into the 
shale and appears to be of very local distribution. Near the base of the 
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shale series is a thin conglomerate of black limestone pebbles and sand 
grains in a yellow argillaceous matrix. It contains fragmentary remains 


Figure 7.—Cajion del Alamo, an azial Valley of the Viesca Anticline 
View westward up the canyon. 


FiGcurE 8.—East End of Caiion de la Vibora 
Mountain at right shows axis of major syncline. 


of ammonites, belemnites, and bivalves. Below this is a series of inter- 
bedded sandstones and shales containing Trigonia, other bivalves, and 
belemnites preserved as limestone casts. A 10-foot bed of greenish-gray 
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sandstone observed near the center of the canyon is composed chiefly of 
pelecypod casts made of dark-gray limestone distributed like pebbles in a 
conglomerate. 

The valley of Pajonal, the Rincon de Santa Rita, and the canyon ex- 
tending westward to the Rincén de la Frastera are shale valleys between 
two limestone units. 

In northern Zacatecas and Durango typically developed marine Kim- 
meridgian consists of black or varicolored shales and marls with concre- 
tions of black limestone. This is the Jdoceras zone of Mazapil and also the 
Haploceras zone at San Pedro del Gallo. In Sierra de Santa Rosa (Maza- 
pil) there is included in the Kimmeridgian above these shales 12 to 30 
meters of Aucella-bearing sandstones, shales, and marly limestones, and 
1 to 3 meters of black limestone carrying Haploceras. The marine Port- 
landian also consists of varicolored shales, marls, and limestones. Bése 5 
has stated that in the region east of Saltillo and south of Monterrey the 
upper Jurassic shows a transition from typical marine deposits in the south 
to near shore deposits in the north. The shoreline was to the north, 
for he observes ® that in the Sierra de Parras and south of it marine 
Jurassic exists from Concepcion del Oro, Zacatecas, to San Juan de Guada- 
lupe, Durango, and that the south end of the continent reached south of 
San Pedro de las Colonias and turned north through the region straight 
north to Torreon. 

The upper Jurassic of Sierra de Jimulco with its conspicuous sand- 
stones fits into Bése’s paleogeographic distribution as a near-shore facies 
between the typically marine deposits of northern Zacatecas and the land 
area of western Coahuila. It therefore limits the possible southward 
extent of the Jurassic continent. 


CRETACEOUS 


Middle and Lower Cretaceous.—The major portion of the mountain 
mass of Sierra de Jimulco is formed by limestones of the Middle and 
Lower Cretaceous. Shales are interbedded with the limestones throughout 
much of the section and the entire series has an estimated thickness of 
more than 5000 feet. This enormous section and the relatively greater 
resistance of the limestones to erosion explains their distribution as the 
most widespread formation. They stand as the highest peaks and ridges, 
presenting the most inaccessible slopes of the Sierra. 


5 Emil Bose: Op. cit., 1923, p. 203. 
Idem, p. 133. 
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In the lower half of the section, shales occur as thin beds and partings 
between the limestone ledges and comprising a very small proportion of 
the formation. They increase in thickness in the upper half and make 


FIGURE 9.—View near Santana Ranch 
Looking west along the axial valley of Viesca Anticline. 


up about 50 per cent of the section near the top. Southwest of Viesca the 
front range exposes these beds on edge in the overturned north flank of 
the Viesca anticline (see figure 4). The section is almost entirely 
limestone, irregularly bedded and of light- and dark-gray color. In some 
beds it is dense, in others fine or coarsely crystalline.” Remains of coiled 
gastropod shells, entirely replaced by calcite, were noted, but no deter- 
minable fossils were found. 

Southeast of Cafion del Alamo the same series of beds is repeated along 
the mountain front on the south flank of the Viesca anticline, and several 
hundred feet of higher beds are present. These higher beds are well 
exposed in the first canyon north of the major syncline (figure 8) and 
consist of interbedded shales and limestones. On the south side of Laguna 
Seca near Boquillas ranch Rudistacea are abundant in the limestone. The 
surface distribution of the Middle and Lower Cretaceous series is in 
general identical with the extent of the mountains. Along the northern 
side of the range they have been deeply dissected and there form isolated 
hills and broken ridges projecting out of the alluvium plain (see 
figures 9 and 15). In the central and western part of the Sierra they 
form a more continuous belt. The broad plain of Los Praderones, how- 
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ever, has notched deeply into the eastern part of this belt and in the west 
the pre-Cretaceous rocks along the axes of the Viesca and Cafiones anti- 
clines divide it into several parts. 

Upper Cretaceous or Ter- 
tiary Gravels—Along the 
south side of Sierra de Ji- 
mulco a belt of gravel hills 
extends eastward from Pozo 
Calvo to Aguichila ranch. 
Their characteristic topog- 
raphy is mature, with 
U-shaped valleys and 
rounded slopes (see figure 
10). From an eastward 
divide along the center of 
the belt, the watercourses 
drain northward to Los Pra- 
derones and southward to 
the plain outside of the 
Sierra. Along the larger 
canyons fresh exposures of 
the gravels and underlying 
beds show coarse boulder 
conglomerates resting on 
white volcanic ash and shale. 
Disintegration of the con- 
glomerates has formed the 
loose gravels which are seen 
everywhere over the slopes 
and generally concealing the 
consolidated rock. The con- 
glomerate is several hundred 
feet thick and is composed of pebbles and boulders up to 6 inches in 
diameter of gray limestone, red and black volcanic rock, green silicified 
limestone, chert, etcetera, firmly consolidated in a yellow, earthy matrix. 
The pebbles are well rounded and average 1 to 2 inches in diameter. 

Underlying the conglomerate is a well-stratified series of interbedded 
shales and volcanic ash. The latter is pure white and forms jointed 
ledges a few inches to 5 or 6 feet in thickness which occur as stringers in 
the shale. The shale is white, buff, or green and doubtless contains a 


FIGURE 10.—Coarse Conglomerates overlying vol- 
canic Ash and Shale at Aqguichila 
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large proportion of ash. At one point a ledge of flesh-colored soft 
liraestone was interbedded with the shale, and occasionally thin ferrugi- 
nous layers are present. At some localities the shale is permeated with 
gypsum. Toward the top the ash is interbedded with layers of agglom- 
erate and the contact with the overlying conglomerate is more or less 
gradational. 

On the southeast side of Los Praderones, where the road to Magueys 
enters the grave! hills, there is an outcrop of gray shale overlain by thin 
beds of yellowish-brown sandstone. The sandstone contains casts and 


Figure 11.—Cajion del Alamo at Left; Las Boquillas at Right 
View eastward from west end of Cafion del Alamo, 


fragments of Inoceramus, indicating that they are of Upper Cretaceous 
age. The ash beds are not exposed at this locality and the outcrop dis- 
appears horizontally beneath unconsolidated gravels. This is the only 
place where fossils were found within the gravel hills, but the ash, 
shales, and conglomerates that form them are everywhere folded with the 
underlying formations. 

Similar conglomerates occur at other parts of the Sierra de Jimulco. 
They were observed at the south end of Caiion Aguichila in the east 
and along the Cafion del Chivo and the valley of Arroyo Tinajén 
in the west. Their dip and strike is parallel to the Cretaceous and 
Jurassic limestones. Contiguous to the valley of Pajonal, conglomerates 
form prominent strike ridges, parallel to'the major structure. 
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In all cases noted these conglomerates were associated with an under- 
lying shale series. They were nowhere observed to be in contact with the 
formations stratigraphically above the shales. They seem to have been de- 
posited by streams flowing in shale valleys where the overlying resistant 
formation had been removed. 

The great quantity of pyroclastic material comprising the conglomer- 
ates and ash are indicative of a period of volcanic activity followed by 
active stream erosion. This period was clearly subsequent to Middle 
Cretaceous time and must have been in the late Upper Cretaceous or 


FIcurE 12.—North Side of Sierra de Jimulco 
Looking southeast across the mouth of Cafion del Alamo. 


Tertiary, since the conglomerates overlie known Turonian or basal Upper 
Cretaceous sediments. The main period of folding of the Rocky Moun- 
tains was at the close of the Cretaceous, and since our conglomerates are 
folded with the Cretaceous sediments, it would seem that they were 
deposited prior to that time. However, the extensive volcanic activity 
of Durango and Chihuahua is usually attributed to the early Tertiary. 
A logical explanation seems to be that volcanic activity commenced in late 
Cretaceous time in northern Mexico and that the ash and igneous debris 
found in the Sierra de Jimulco was deposited at that time and subse- 
quently folded during the Laramide revolution. However, the more 
accurate determination of the age of these pyroclastic deposits may throw 
a new light on the time of folding in this region. 
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STRUCTURE 
GENERAL STATEMENT 


Like most of the ranges of the Sierra Madre, the structure of Sierra de 
Jimulco is primarily the result of horizontal pressure. Vertical uplift has 
had much to do with the present elevation of the mountain region, but 
the complexity of the structure is one produced by folding and perhaps 
overthrusting rather than by normal faulting. Unlike most other 
ranges, however, it is not a structural unit in the sense that the marginal 
valleys are synclinal basins contiguous to the mountain anticline. The 
present mountains that comprise the Sierra de Jimulco and the present 
valleys or great plains that surround them are resultant of both hypogene 


Looking eastward down Cafion del Alamo. 
FiIGuRE 13.—Isoclinal Dips of the Viesca Anticline 


forces, which produced their complex structure, and epigene forces, which 
etched them as topographic units from a continuous belt of similar rocks 
subjected to the same orogeny. Thus the structure of the Sierra de Jimulco 
is intimately related to that of neighboring ranges, and the intervening 
valleys are erosional features in rocks of both anticlinal and synclinal 
structures. 

Sierra de Jimulco is a series of arcuate folds which in general trend 
east-west but in detail are sinuous, changing their direction profoundly 
within short distances. The axial plane of these folds is generally 
inclined to the south, and in one place it dips as low as 45 degrees. The 
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north flank of the folds is therefore steeper than the south flank and is 
commonly vertical or overturned. 


VIESCA ANTICLINE 


The principal axis is the Viesca anticline, a continuous line of folding 
traced for 50 miles across the range from the vicinity of Viesca on the 
east to Picardillas on the west. South and southwest of the town of 
Viesca, the northern front of Sierra de Jimulco presents a steep face of 
Middle and Lower Cretaceous limestone in which the beds are dipping 
to the south away from the Viesca plain and into the mountain (see 
figure 4). This relationship suggests that the range is faulted along its 
north side, but in reality these southward dipping beds are the over- 
turned north flank of the Viesca anticline. The axis of this anticline is 
along the first valley south of the overturned front, 1. e., the Cafion del 
Alamo (Caiion de Viesca), where Jurassic shales and sandstones are 
exposed (see figure 7). This valley drains eastward to a point where 
the north side of the sierra swings sharply to the south across the frayed 
edges of a series of strike ridges just south of the town of Viesca. (See 
figure 12.) The dip of the beds along the valley appears isoclinal at 
45 to 75 degrees south (see figure 13). The general strike of the 
canyon and of the beds is about south 80 degrees east. The axis of the 
Viesca anticline appears to terminate abruptly at the mouth of Cafon 
del Alamo, cut off by the broad flat plain of alluvium lying north of the 
sierra. 

This plain, on which the village of Viesca is situated, is about 12 miles 
wide and is bounded on the north by the Sierra de la Pefia and Sierra de 
Parras (see figure 2). These two ranges are separated from each other 
by the Puerto la Pefia, a broad pass through which the railroad from 
Viesca to Saltillo passes. 

Puerto de la Pefia is a structural syncline as well as an erosion valley. 
The anticlinal axis of Sierra de la Peiia, which parallels the extent of the 
range, plunges to the southeast in the Puerto la Pefia. Upper Cretaceous 
shales and limestones outcrop in the pass around the plunging end of the 
anticline. The east side of Puerto la Pena is formed by the overturned 
north flank of Sierra de Parras, which swings to the southwest paralleling 
the axis of the range as it approaches the pass from the east. Sierra de 
Parras terminates in a series of frayed ends of hogback ridges and strike- 
valleys which feather out into the alluvium-covered plain south of the 
range. The strike of the limestone ridges at the west end of Sierra de 
Parras is about south 60 degrees west. If we project this strike southwest 
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across the plain it meets the Sierra de Jimulco near the mouth of Cafion 
del Alamo where the north flank of that range swings abruptly to the 
southeast in a corresponding series of hogback ridges striking to the 
northeast (figure 12). It is therefore apparent that the plain of Viesca is 
a great erosion valley which cuts across the anticlinal fold, concealing 
about 15 miles of its extent, and that the Viesca anticline is the western 
continuation of the main axis of the north branch of the Sierra de Parras 
(see figure 2). 

As the Viesca anticline is traced westward, the Caiion del Alamo nar- 
rows and the beds on the north flank become steeper, 7. e., less overturned, 


Ficure 14.—Crest of Viesca Anticline Southwest of Posanco Ranch 


as the axis plunges gradually to the west. At its west end the Cafion del 
Alamo terminates in a ridge where the Lower Cretaceous limestones are 
continuous across the crest of the fold. From the top of this ridge the 
valleys eroded along the axis of the anticline can be seen for many miles 
(see figures 9 and 11). The ranches of Santana and Posanco are in the 
axial valley to the west where stream erosion has carried away the crest 
and much of the overturned north flank. Tiny remnants along the strike 
of the former continuous ridge stand in a line of isolated hills on the 
alluvium plain (figures 9 and 15). These curious finger-shaped hills, 
with their vertical or steeply dipping beds and linear arrangement, pro- 
duce an unusually picturesque topography whose structural significance 
and physiographic history can be understood only when their regional 
setting has been worked out. 
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Just west of Posanco ranch the crest of the Viesca anticline is again 
exposed in a wasting remnant of Middle and Lower Cretaceous limestone 
which forms a promontory connected with the south flank ridge (see 
figure 14). Here we find the best exposure showing the true nature of the 
recumbent fold. The south flank beds dip at about 55 degrees and 
gently arch across the crest in a symmetrical fold. Near the base of their 
outcrop on the north flank, the beds make another sharper crest, so 
that the northward dipping beds become overturned and dip south at 60 
degrees. To the west of this exposure the overturned limestones form a 
low strike-ridge, and the stratigraphically lower shales, which were con- 


FIGURE 15.—View Northeast from the Puerto Carros 
Axis of Viesca anticline extends along valley in foreground to hill at extreme right. 


cealed by debris where the limestone was present on the crest, are exposed 
in the knolls and gullies just south of it. These shales are so crumpled 
that their major anticlinal structure is not exhibited. It is therefore 
apparent why the crest of the Viesca anticline is not to be observed at 
many localities, for erosion has removed the Lower Cretaceous limestones 
throughout most of the extent of the axis and exposed the contorted shales 
on the surface or reduced them to a level plain. 

From Posanco ranch the anticline curves southwest to Puerto Carros, 
a water gap through the northern ridge of Sierra Jimulco (see figure 
15). The limestones are practically vertical along the northwest side 
of the canyon, while platey shales outcrop in the gullies on the southeast 
side. The strike of the fold is about south 70 degrees west through 
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Puerto Carros and disappears beyond in the broad alluvium plain of 
Laguna Seca. 

Laguna Seca is about 5 miles wide and extends north 50 degrees west for 
12 miles to the Rio Aguanaval, where it merges with another great plain 
north of the mountains. To the southeast it terminates in irregular val- 
leys which dissect the marginal limestone ranges. <A feature of physio- 
graphic beauty is formed by the jagged crests of the bordering mountains 
caused by the steep dip of their formations and the general strike of 
the rocks perpendicular to the trend of the mountains. The structural 
significance of this relationship becomes evident when we trace the axes 
of folding in these mountains and find that they end abruptly at the mar- 
gin of Laguna Seca. Projected across the plain along their strike, the 
axes continue in the range on the opposite side. Presumably they are 
present in the rocks which underlie the valley floor and are concealed 
by alluvium. Such conditions could be produced either by block faulting 
or by stream erosion. If Laguna Seca is a graben, the evidence of mar- 
ginal faults is entirely physiographic. Phenomena commonly associated 
with faults, such as springs, breccias, and fault surfaces, which might be 
expected in the present instance, were not observed. Although the anti- 
clinal axes of the marginal ranges appear to be continuous across the 
plain, their strike changes as they approach Laguna Seca and the two 
ends are conspicuously offset. The Viesca anticline, which trends about 
north 80 degrees west from Caiion del Alamo to Posanco, is projected 
south 35 degrees west from Puerto Carros to the mouth of Cafion de 
San Antonio. This offset suggests faulting with horizontal displacement 
in a northwest-southeast direction along Laguna Seca. It is, however, 
equally well explained by a prondunced bend in the axis as indicated on 
the geologic map (see figure 2). Such a bend in the structural axes 
of the mountain range would undoubtedly be accompanied by more or less 
crushing, and along this line of weakness stream erosion could make 
rapid headway. Antecedent streams such as the Rio Conchos of Chi- 
huahua and the Rio Nazas of Durango are characteristic of the Sierra 
Madre cordillera. In the mountains southeast of Laguna Seca no fault- 
ing was observed. The absence of positive evidence for faulting and the 
apparent competence of stream action at the bend in the structural axes 
of the range to form a valley like Laguna Seca seems to point to the 
latter explanation as the most probable one. 

West of Laguna Seca the Viesca anticline extends along the Cafion 
del Chivo, the center one of three large tributaries which drain into the 
southeast end of the Laguna forming the broad gap known as Boca de San 
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Antonio. Caion de Froncidero is a strike canyon on the north flank 
of the anticline, and Canon de San Antonio is on the southeast flank. In 
the Boca de San Antonio the Cretaceous and Jurassic limestones strike 
about 50 degrees east directly towards Puerto Los Carros. The anticline 
makes a pronounced curve to west and northwest between Boca de San 
Antonio and the Cuesta de San Ignacio. This is clearly defined by the 
bold escarpment of Cretaceous limestone that skirts the east and south 
sides. A broad belt of Jurassic sediments is exposed north of this escarp- 
ment as far as the Cafion de Froncidero which follows the base of the 
Cretaceous limestone on the north side of the anticline. A thick series 
of sandstone, shales, and limestones makes up the Jurassic deposits. In 
the Caiion del Chivo about 2 miles upstream from its mouth, a prominent 
anticlinal ridge of Jurassic sandstone in the center of the main valley 
forms a core or nucleus at the center of the Viesea anticline (see figure 
6). In this ridge the fold is approximately symmetrical and its crest is 
gently arched, with dips of 30 degrees and 35 degrees on the flanks. To 
the north of the ridge the dip steepens rapidly, the beds becoming vertical 
and overturned. South of it, however, the dip continues at a uniform 
angle of about 30 degrees. This asymmetry of the fold brings the axial 
ridge closer to the north side of the main canyon, as shown in figure 6. 

Cuesta de San Ignacio, on the divide between drainage eastward to 
Laguna Seca and westward to Pajonal and the Rio Aguanaval, is on the 
north flank of the anticline in the most rugged and inaccessible portion 
of the sierra. The mountains are in physiographic youth with V-shaped 
valleys and sharp interstream ridges. The axis, extending about north 
50 degrees west, passes about 1144 miles southwest of Pajonal ranch, 
where it is expressed in an anticlinal ridge of Jurassic limestone. It is 
plunging to the northwest in this vicinity and separates the Rincén de 
Pajonal on the northeast from the Rincén de Santa Rita on the southwest. 
These two valleys are carved in shales which underlie the rim of Creta- 
ceous limestone. This upper limestone crosses the plunging axis at the 
west side of Pajonal and Santa Rita valleys. Beyond to the Rio Agua- 
naval Cretaceous limestone is the surface formation on the crest and 
flanks of the anticline. 

Rio Aguanaval skirts the northwest end of Sierra de Jimuleo. It is a 
superimposed stream crossing three axes of the sierra between Picardillas 
and Nazareno. Northwest of the river the axis of the Viesca anticline is 
continued in the Sierra de Hispaiia. South of Picardillas the river flows 
through a narrow gorge in the Cretaceous limestones, but as the base of 
the limestone rises to the Viesca anticline the river has cut into the under- 
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lying shale, where, owing to the easier erosion, it has widened its valley in 
the vicinity of Picardillas and La Ventana. 

The central axis of the Sierra de Jimulco is therefore seen to be a 
continuous anticline connecting the Sierra de Parras on the northeast 
with the Sierra de Hispaia on the west. The regional east-west trend 
consists of two en échelon segments extending north of west and con- 
nected by a nearly perpendicular cross segment extending northeast-south- 
west. The eastern segment from the mouth of Caiion de Alamo to 
Posanco ranch trends north 80 degrees west ; the western segment between 
Cuesta de San Ignacio and the Rio Aguanaval trends north 50 degrees 
west ; and the middle segment connecting the two extends about north 50 
degrees east across Laguna Seca from Boca de San Antonio to Puerto 


Carros. 
PRADERONES ANTICLINE 


About 5 miles south of the Viesca axis, another anticline was traced 
along the eastern half of Sierra de Jimulco. It is clearly exposed and 
most accessible in the broad valley of Los Praderones, which therefore 
furnishes a suitable name to designate this line of folding. Across the 
center of this plain is a narrow, broken strike-ridge of southward dip- 
ping limestones and shales which marks the south flank of the anticline. 
The axial portion of the fold across Los Praderones has been removed 
by erosion, but the north flank is well exhibited in the mountain ranges 
bordering the eastern and western sides of the plain. The syncline be- 
tween the Viesca anticline on the north and the Praderones anticline on 
the south is about midway between the two axes and passes just north 
of the Cafion de la Vibora (see figure 8). West of Los Praderones the 
road to Tanque Roto follows a broad canyon through high mountains of 
Cretaceous limestone. The massive character of the rock and deep 
decay accompanied by widespread surface slumping conceals the structure 
in this area. The highest mountains lie north of the canyon and the 
strike of the anticline across Los Praderones if projected to the north- 
west would pass north of the canyon. The western end of the axis shown 
on the geologic map, figure 5, has been drawn parallel to the Viesca anti- 
cline. That the axis curves to the southwest as drawn is suggested by 
the position of El Picacho de Jimulco, the highest peak in the Sierra, 
approximately in line with the Praderones anticline projected parallel 
to the Viesca axis (see figure 3). 

On the east side of Los Praderones the axis enters the mountains north 
of Noria de Guerrero ranch. There the mountain front swings sharply to 
the east about 114 miles. Gypsiferous shales are exposed below the base 
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of the Cretaceous limestone, and several conspicuous strike ridges are 
present on the north flank. The strike of the anticline changes from 
south 75 degrees east across Los Praderones to north 80 degrees east. 

East of Cafion de la Vibora the northern front of Sierra de Jimulco is 
formed by the irregular ends of a series of strike ridges which project 
northeastward into the Viesca plain. These ridges are the higher Cre- 
taceous limestones forming the north flank of the Praderones anticline. 
South of Santo Domingo ranch, where limestones several hundred feet 
lower in the section form the northern margin of the mountains, the 
general trend of the mountain front is parallel to the strike of the beds. 
Several broad valleys have dissected this part of the northern flank of the 
anticline nearly to its axis. The axis trends about north 70 degrees 
east, and a deep, narrow canyon eroded along the crest of the fold exposes 
several hundred feet of gypsiferous and carbonaceous shales below the 
Cretaceous limestone. Cafion de Santa Maria which drains eastward to 
Cation de Aguichila is a strike canyon on the south flank of the Praderones 
anticline. At its mouth the limestones strike north 75 degrees east. If 
the Praderones anticline is projected along this strike it extends in the 
general direction of many small outlying knobs of limestone that dot the 
plain to the northeast. Their distribution and strike is in line between 
the south range of Sierra de Parras and the Praderones anticline of 
Sierra de Jimulco. The axis connected between these two is approxi- 
mately parallel to the axis of the Viesca anticline projected across the 
Viesca plain from Cajion del Alamo to the north range of Sierra de Parras 
at Puerto la Pea (see figure 2). Both branches of the Sierra de 
Parras, therefore, seem to be the northeast continuation of the Sierra de 
Jimulco structure. 

CANONES ANTICLINE 


In the western part of the sierra a broad canyon, referred to locally as 
“Los Cafiones,” drains northwestward from the Mina de los Chinos to Rio 
Aguanaval. At its mouth it merges with the Aguanaval valley and from 
there extends about south 50 degrees east to the Mina de Los Chinos, 
where arroyo Tinajon joins from the south. There it makes a sharp turn 
to the east and continues for about 3 miles to a narrow, sharp divide which 
separates it from a broad valley draining eastward to Caiion de Fron- 
cidero. 

The valley of Los Caiiones is eroded along the crest of an anticline. 
Interbedded sandstones and shales overlain by Cretaceous limestones are 
exposed along the canyon and dip northeast and southwest away from 
the axis. On the northwest end of Sierra de Jimulco the anticline is 
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cut off by the alluvium plain of Rio Aguanaval, but from the mouth of 
Los Caiiones it extends south 50 degrees east for several miles to the sharp 
bend in the canyon near Mina de los Chinos. About 500 yards north of 
that point it turns south 70 degrees east to the divide at the head of Los 
Cafiones. East of the divide this axis has caused the erosion of a wide 
valley tributary to the narrow strike-canyon of El Froncidero, Clearly it 
does not persist eastward into that canyon, but whether it plunges to the 
east and ends before reaching Canon de Froncidero or whether it turns to 
the northeast parallel to the Viesca anticline as might be expected, was 
not determined. 

The Canones anticline is a gentle fold on the north flank of the Viesca 
anticline. It has been traced for some twelve or thirteen miles along the 
western part of the Sierra and may persist northeast across Laguna Seca 
and northwest beyond Rio Aguanavyal. 

MANUEL ANTICLINE 


Near the northern margin of Sierra de Jimulco, about 144 miles south- 
west of Manuel ranch, a fold in the Middle Cretaceous limestones is well 
exposed. The strike is about north 85 degrees east, almost perpendicular 
to the mountain front, and the anticline therefore is cut off by the 
alluvium plain. Southwest it extends diagonally across the front range 
to Laguna Seca where the mountain front swings half a mile to the 
northeast along the strike and the anticlinal structure is clearly exhibited. 
The fold trends about south 60 degrees west and is terminated abruptly 
by the plain. On the opposite side of Laguna Seca south 40 degrees west 
the limestones show a corresponding anticlinal crest which apparently 
is the southwest continuation. A deep and narrow canyon has its mouth 
in the north flank of the anticline and a few hundred yards to the south 
follows the crest. Beyond this point the fold was not observed and the 
curve of its axis shown on the map has been projected parallel to the 
Viesca and Caines anticlines. 


GroLoGic History 


From the rock formations and mountain structure described above 
can be interpreted the sequence of events in the geologic history of the 
Sierra de Jimulco. Our record begins with Upper Jurassic time, when 
sandstones and shales and limestones were being deposited in the shallow 
seas that then covered southwestern Coahuila. <A continent lay to the 
north, and its southern tip is believed to have extended south of San 
Pedro de las Colonias, scarcely 30 miles from the northern border of 
Sierra de Jimulco. That climatic or tectonic changes were taking place on 
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this continent is indicated by the deposition of coarse sands in the mar- 
ginal seas. There may have been complete withdrawal of the sea and 
a brief period of erosion at the close of the Jurassic, but no evidence of 
it was recognized in the Sierra de Jimulco. 

At the beginning of the Cretaceous the deposition of clastic material 
ceased, the seas became clear, and calcareous oozes accumulated for a 
long time. Then in the late Middle Cretaceous the sea again brought fine 
muds and silts into the southwestern Coahuila and they accumulated 
slowly with calcareous oozes. Toward the close of this period the sea 
must have become very shallow and at the same time remained clear, for 
the local abundance of Rudistacea suggests reef conditions. 

At the beginning of the Upper Cretaceous, clastic sediments again 
predominated, perhaps foreshadowing the final withdrawal of the sea 
from southern Coahuila. Then followed a period of volcanic eruption 
in Zacatecas or Durango which brought large quantities of volcanic ash 
to the shallow seas. As the lavas accumulated on the surface and were 
subjected to erosion, coarser and coarser agglomerates were deposited in 
southern Coahuila. Continental conditions then prevailed during late 
Upper Cretaceous time, and consequent streams deepened their courses in 
the newly exposed land surface. The volcanic activity increased, the relief 
of the land increased, and the gradient of the streams was correspondingly 
steepened. They now brought great quantities of gravel and boulders 
from the south. Where they meandered in shale valleys wide belts of 
gravel developed. 

Subsequently the region was subjected to great pressures, the pre- 
dominant direction of which was north-south in southern Coahuila, and 
which therefore produced folds trending in a general east-west direction. 
All of the previously deposited sediments including the gravel and boulder 
deposits of the shale valleys were affected. It seems probable that the 
folding was gradual, for there was no faulting and the antecedent streams 
continued to deepen their valleys as the folds developed. Nevertheless 
great pressure ultimately produced steep anticlines whose axes incline to 
the south and whose north flank is vertical or overturned. 

The relief of the region at this stage is believed to have been much 
greater than at the present time, for the rock floors of Laguna Seca and 
Los Praderones, within the sierra, and of the valley of Viesca, north of it, 
are deeply buried in alluvium whose total thickness has not been pene- 
trated by wells several hundred feet in depth. The streams which carved 
these valleys must have flourished in an earlier humid cycle of erosion. 
Subsequent physiographic development seems to have taken place under 
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arid or semiarid climatic conditions which were perhaps inaugurated by 
the tectonic changes. The relief has since been diminished by erosion of 
the highlands and deposition of waste in the valleys. The valleys by this 
process have become broad plains with nearly level floors, and the con- 
tinued dissection of the uplands has left bare, rock remnants in some 
places projecting from the plain. The region at the present time is in a 
mature stage of the geographical cycle. 
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INTRODUCTION 


More than a quarter of a century ago geologic exploration of the south- 
ern part of central Siberia was begun by geologists of several institutions, 
including the Central Geological Committee, which was joined later by 
a new geologic institution created during the Revolution—the West 
Siberian Branch of the Geological Committee. The members of this lat- 
ter institution, commencing their explorations 12 years ago under the 
scientific direction of Prof. M. A. Ussov, have continued up to the present 
their intensive and productive work. 

The present paper is based on the field data obtained during my ex- 
tended explorations in the western half of the region under consideration 
and also on those assembled by other explorers during the same period. 

The principal ideas presented in this report were published in general 
form* 15 years ago. 


* Manuscript received by the Secretary of the Society March 1, 1932. 

7 Introduced by V. A. Obruchev. Mr. Tchurakov is a resident of Leningrad, Russia. 

1 Contributions to the tectonics of the Kuznetsk Alatau Range. Mémoires du Comité 
Géologique, nouveau série, 1916, numéro 145. 
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In developing these ideas, I published a second paper ? in 1927. In the 
last few years there has come a rich harvest of information: The facts 
collected by the geologists of the Siberian Geological Institution have 
permitted me to decipher some further chapters in the geologic history 
of the Proterozoic, which in the light of my own observations alone had 
appeared rather obscure. This new report relating to the Proterozoic and 
Cambrian was published by me * in 1931. 

I must note, however, that at the present time there is still no full 
agreement among the explorers of this vast, complex territory, even as 
regards the fundamental questions of the stratigraphy of the Proterozoic. 
The Proterozoic age of the described formations has thus far not been 
acknowledged by all the explorers of this part of Siberia. Those who 
regard them as Proterozoic are A. A. Vassilyev, A. M. Kuzmin, G. A. 
Kuznetsov, I. G. Molchanov, V. A. Obruchev, C. W. Radugin, M. A. Ussov 
and A. N. Tchurakov; by J. S. Edelstein, D. V. Nikitin and A. G. 
Vologdin they are considered as Cambrian and Silurian; J. K. Bazhenov, 
acknowledging a Proterozoic age of these deposits for the Eastern Sayan 
Range and the Kuznetsk Alatau, believes that they are Cambrian and 
Ordovician in the Western Sayan Range. 

If, nothwithstanding this disagreement I am bold enough to present this 
paper, it is because the difficult analysis of the extensive data obtained 
by other explorers (often charged with the solution of problems of 
applied geology) was made easier for me not only by my extended per- [ 
sonal acquaintance with the geology of this region, but especially by the 
fact that the Central Geological Committee has enabled me to give full 
time to the study of these problems. 

The cause of this diversity of views appears in the following para- 
graphs. The geologists denying the Proterozoic age of the formations 
under discussion make three great mistakes. 

First, they explain erroneously the genesis of the silicified shales 
(cherts) and do not sufficiently appreciate their stratigraphic importance 
as key horizons. In some localities these rocks are taken by them for 
limestones and shales silicfied under the influence of granite intrusions ; 
in others they are taken for acid effusives (felsites and keratophyres), or 
else generally for dykes of igneous rocks. 


2 History of development of our ideas on the structure of the northwestern border of 
the “ancient vertex of Asia.” (Bulletin du Comité Géologique de I'U. 8. S. R. 1927, 
volume 46, number 1. 

2“The present state of our knowledge of stratigraphy and tectonics of the ancient 
deposits of the southern part of Central Siberia.” Bulletin of the Academie of Sciences 
U. S. Soviet Russia. Classe math. et nat., 1931, numbers 1-4. 
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Second, in observing the superposition of the Middle Cambrian lime- 
stones upon the Proterozoic limestones, they fail to find a break between 
them and take the whole for a continuous series of deposits. The cause of 
this error lies in the fact that the Middle Cambrian limestones have been 
deposited very rapidly without the formation of a basal conglomerate or 
of littoral sediments; at only a few points have I observed a basal con- 
glomerate at the foot of the Middle Cambrian limestone. 

Finally, in the Western Sayan Range, the folds are reversed and the 
Proterozoic is resting upon the Cambrian limestones, and for this reason 
the Proterozoic beds may at first sight be taken for Cambrian or even 
younger formations. 
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FIGURE 1.—Southern Portion of Middle Siberia 
Showing Upper Cambrian and Proterozoic era. 


GENERAL GEOGRAPHY 


The region described lies in central Siberia in the basin of the Yenissei 
River, immediately to the south of the Great Siberian Railroad Line 
(figure 1). The western, southern and eastern parts of this territory 
are occupied by highly dissected mountain regions, the Kuznetsk Alatau 
Range and the Western and Eastern Sayan ranges. Between them spreads 
a gently undulating depression, the so-called Minussinsk basin. To the 
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west of the Kuznetsk Alatau lies a similar gently undulating depres- 
sion, the Kuznetsk coal basin, bordered on the west and south by the 
Salair Ridge and the Biya Massif. In the northern part of the region 
appear the southern extremity of the Yenissei Ridge and a branch of the 


Eastern Sayan—the Arga Ridge. 


GENERAL STRATIGRAPHY AND TECTONICS 


All the mountain ranges in this region are made up of Proterozoic 
rocks, on the surface of which are preserved isolated relics of younger 
deposits of Cambrian, Ordovician, Silurian, and in part, Devonian ages. 
These ranges present uplifted blocks of the crushed Proterozoic shield. 

The Minussinsk and Kuznetsk basins are composed of Paleozoic rocks, 
and in part by Jurassic deposits; some of these are overlain by Tertiary 
deposits in the northern part of the area. These basins present down- 
thrown blocks of the crushed Proterogoic shield.* 

The appended diagrammatic sketch map shows the tectonics of the 
Proterozoic era and the Cambrian period developed in the mountain 
ranges (figure 1). The tectonics of the basins formed by Paleozoic and 
Mesozoic deposits is omitted in order not to obscure the essentials of the 


problem. 


STRATIGRAPHY OF THE PROTEROZOIC FORMATIONS 


The Proterozoic deposits are represented by three series as shown in the 
accompanying summarized section (figure 2 and plate 11, number 1). 

(a) Upper or Kuten-Buluk series. Represented by an alternation of 
graywackes, argillaceous and even carbonaceous shales, siliceous shales 
(cherts), and in part by bituminous limestone. The series was strongly 
eroded even in the pre-Cambrian, its thickness not exceeding 300 to 400 
meters. 

(b) Middle or Yenissei series. Consists of a strikingly monotonous 
set of white, gray and black bituminous limestones, occasionally highly 
bituminous and containing large quantities of H,S. In the uppermost 
parts of these limestones a chert stratum appears: it has the aspect of 
gigantic lenses several kilometers long, the thickness of the lenses varying 
from 100 meters to 3 to 5 centimeters. In places. this stratum falls into 
2 or 3 seams running parallel and at small intervals. The thickness of 
the entire series reaches 3500 meters, judging from my initial explora- 


‘The Kuznetsk Alatau Range. History of its geological development and its geochemi- 


cal epochs.’ (To be issued soon in the publications of the Academy of Sciences of the 
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tions in the eastern part of the Kuznetsk Alatau. The Kuten-Buluk 
series rests wholly conformably upon the Yenissei series. 

(c) Lower series. This series, discovered and studied by A. J. Bulyn- 
nikov on the western slope of the Eastern Sayan Range and called by 
him the “graywacke series,” consists of graywackes, arkoses and silicified 
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FiGurE 2.—Division of the Proterozoic 


argillaceous shales, its beds alternating with acid effusives (quartz-kerato- 
phyres) ; the thickness of this series is unknown. In the Western Sayan 
it is not exposed on the surface. In the Kuznetsk Alatau it has been 
reported at a few points in the form of metamorphosed effusives and tuffs, 
as well as of talc schists carrying pebbles of a weakly recrystallized lime- 
stones. Between this series and the Yenissei series there is probably a 
disconformity, most likely an uncomformity. 

J. K. Bazhenov has established in Western Sayan still another series, the 
so-called “red Sayan series” composed of red shales, gray sandstones, con- 
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glomerates, and rare limestone interbeds. This series is located strati- 
graphically higher than the Kuten-Buluk series. I think it represents the 
upper part of the Kuten-Buluk series which in the other mountain ranges 
is destroyed by erosion. 

The stratigraphy and tectonics of the Proterozoic beds are based on 
the study of the Kuten-Buluk and Yenissei series. The main peculiarity 
of both series lies in the fact that among the shales of the Kuten-Buluk 
series, as well as in the upper strata of the Yenissei series, there occur 
numerous fragments and pebbles of extraneous rocks represented by 
gneisses, granites, hematite-bearing quartzites, mica-quartzites, diabases, 
keratophyres, and also by limestones, sandstones, and silicified shales. Some 
of the fragments exhibit on their surface an ancient weathering crust. 
These bodies I believe represent materials dropped by floating icebergs 
during the extensive glaciation existing in those times on the surface of 
a continent thus far not discovered by us.5 These beds I call the marine 
tillites. The chert interbeds occurring in both series I also consider to 
represent formations connected genetically to the processes of Proterozoic 
glaciation. They are either organogenous deposits (diatomaceous ooze ?) 
or else a chemical precipitate of colloid silica deposited in cold seas. 

These characters of both series have been reported in the Kuznetsk 
Alatau and the Western and Eastern Sayan ranges. Both series were sub- 
jected to a very slight regional metamorphism. 

But this is not all. The pebbles of diabases, black siliceous schists, 
bituminous limestones, sandstones, and shales occurring in the Kuten- 
Buluk series constitute evidence that in Central Asia there has been and 
possibly still exists a series of sedimentary rocks bearing close resemblance 
in its lithologic habit to the Yenissei and Kuten-Buluk series, but of 
greater age. 


AGE OF THE PROTEROZOIC FORMATIONS 


In several localities there have been discovered in these beds organisms 
closely resembling the algae described by C. D. Walcott from the Algonkian 
of the Rocky Mountains in America. J. 8. Edelstein discovered such 
algae on the western slope of the Eastern Sayan Range, north of the Kyzyr 
River, while A. J. Bulynnikov and I detected them in the Kuznetsk 
Alatau, at the head of the Sarala-Jus River. By the first two explorers 
these organisms were found among the limestones of the Yenissei series ; 
my own discovery was made on the surface of the Kuten-Buluk series. 


5 This question will be considered in the accompanying paper entitled: “Traces of Pro- 
terozoic glaciation in the southern part of central Siberia.” 
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By C. W. Radugin they were discovered in the Yenissei series in the 
southwestern part of the Kuznetsk Alatau. 

However, the Proterozoic age of these deposits is proved not only by 
these paleontological data, but also by the diastrophic cycles separating 
these series from the Cambrian beds. 


TECTONICS OF THE PROTEROZOIC FORMATIONS 


GENERAL STATEMENT 


The lithogenesis of the deposits under discussion may be referred to 
about the middle of the Proterozoic era. As their tectogenesis and 
glyptogenesis began in the upper Proterozoic era and continued up to the 
present time, I will consider them only as far as the Ordovician. 


PROTEROZOIC TECTOGENESIS 


The first orogenic cycle, distinctly traced in various parts of the terri- 
tory under examination, was revealed in the form of a folding of north- 
east strike, caused by a thrust from the northwest, as shown by my 
observations of 1914 in the Kuznetsk Alatau (plate 11, number 2). This 
folding I term the Baikalian folding. 

The second orogenic cycle, very prominently exhibited in the Kuznetsk 
Alatau and the Eastern Sayan, presents the result of a new thrust, the 
direction of which was normal to that of the preceding. By this new 
thrust there was caused a crumpling of the primary folds, whose axes 
were bent both in vertical and horizontal planes. This thrust rendered 
exceedingly intricate the tectonics of the region. At.some points we see 
a bending of the folds, by which their northeast strike is altered to south- 
east or northwest ; at others in the limbs of folds preserving their north- 
east strike there appear small but steep folds of a northwest strike 
(frilling) ; finally, there are localities (as for instance the western 
slope of the Kuznetsk Alatau Range) where in nearly all exposures a 
northwest strike of strata is discernible, and only the direction of the 
boundary between the two lithologically different series of the Proterozoic 
(shales and limestones) remains to show that the initial folding had a 
northeast strike. This second folding was probably accompanied by dis- 
ruptions (see plate 11, number 3). I do not know how great the interval 
was between these two orogenic cycles, but doubtless they were separated 
by acycle of erosion. This folding I term the Sayanian folding. 

The third orogenic cycle has had but little study. For evidence of its 
existence I am relying entirely on A. J. Bulynnikov’s observations on the 
western slope of the Eastern Sayan Range. This diastrophic cycle was re- 
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vealed as faults and upthrusts, having broken the already crumpled series 
of Proterozoic deposits into a multitude of wedges. The fault-planes are 
variously oriented, but prevalently they strike east-northeast and dip 
steeply south-southeast. The cycle was probably the result of a south- 
southeast thrust (see plate 11, number 4). 


Tectonic of the Proterozoic Complex 


Est-Sayan. Vicinity of the gold-mine ,Artion{Olhovka) 


[after AJ.Bulynnkov) 
LECENO 
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Craywacke-Series 
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Figure 3.—Vicinity of the Gold Mine “Artiom” (Olhovka), East Sayan 
After A. J. Bulynnikov. 


We may realize the size of this thrust from the amplitude of the up- 
thrusts, for in places the lower (graywacke) series is seen to lie in contact 
with the upper (Kuten-Buluk) series. We may suppose that this diastro- 
phic cycle, too, has been separated from the preceding one by an independ- 
ent cycle of erosion. This diastrophic cycle I call the Kyzyrian block- 
faulting. 

I am not proposing direct proofs intended to establish the existence of 
lasting time intervals by which the three diastrophic cycles were separated. 


+ + + + + + + + SS 
Geologic Mar 
A Thrust fault B 
Thrust fault 
‘ 


TECTONICS OF THE PROTEROZOIC FORMATIONS 573 


Yet each of the cycles is so intense and so widely differing from the pre- 
ceding and subsequent ones, that it appears impossible to unite them into 
a single complex of simultaneous events. 

The next page in the history of development of this territory con- 
sists in a lasting period of tectonic quiescence and the activity of erosional 
factors, by which this territory was probably converted into a peneplain. 
During that period of time, the tectonic fissures were closed (fused) and 
consolidated, 

After this, a new thrust arose, its direction being northwest-southeast 
(or the reverse). This thrust created a dense net of fissures, along which 
a basic magma was extruded. The whole of the territory under con- 
sideration became the scene of intense volcanic activity. Judging from 
the different composition of the effusives, consisting of basalts, augite- 
porphyries, and quartz-porphyries (plate 11, number 5), this activity 
was of long duration. 

Highly instructive is the western slope of the Eastern Sayan Range 
between the rivers Kyzyr and Kazyr, where it has been established by 
A. J. Bulynnikov, that the fissures filled up with this magma not only 
dissect the faults of the preceding, third diastrophic cycle, but also that 
the magma has nowhere made use of the faults but has always ascended to 
the surface only along freshly formed vents. It is obvious that at the 
outset of this volcanic cycle the ancient tectonic fissures had already been 
closed and consolidated so that the new thrust could not reestablish them. 
This highly instructive part of the region is represented in figure 3. It is 
on this circumstance that I have based my conclusion as to the existence 
of a lasting time interval separating the Kyzyrian block-faulting from 
the volcanic cycle. 

After the close of the voleanic cycle begins a cycle of erosion, by which 
the Proterozoic era was closed. During this last cycle the volcanic sheets 
spreading over the whole of this part of central Siberia were almost 
wholly destroyed by erosion and with them the Proterozoic deposits were 
also eroded to some extent (plate 11, number 6). However, occasional 
relics of these effusives are still preserved ; one of them lies on the surface 
of the Kuznetsk Alatau near the gold mine “Communar.” 

This erosional cycle had already been completed in the Lower Cam- 
brian epoch (plate 11, number 7). 

In the southern and southwestern part of the Kuznetsk Alatau Range, 
as well as in the southern part of the Salair Ridge, A. M. Kuzmin and 
G. A. Kuznetsov discovered nonfossiliferous terrigenous sediments, alter- 
nating with volcanic sheets of acid lavas (plate 11, number 7). In the 
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southwestern part of the Kuznetsk Alatau Range this series rests trans- 
gressively on the dislocated and eroded surfaces of the previously dis- 
cussed ancient formations; its basal conglomerate contains pebbles of 
ancient diabases and of typical cherts. Both explorers refer this series to 
the Lower Cambrian, for it is conformably overlain by Middle Cambrian 


Tchulym R 
Krasno, arsk 


East Sayan 
AbakanR. 
West Sayan 


Ficure 4.—Location of Kuznetsk and Minnusinsk Basins 


CAMBRIAN DEPOSITS 


fossiliferous beds containing Archaeocyathinae, pelecypods, and trilobites. 
It is significant that in the remaining parts of the territory examined we 
did not observe any deposits of Lower Cambrian age; the Middle Cam- 
brian beds lie immediately on the Proterozoic (plate 11, number 8). 
The lithologic composition of the Middle Cambrian is not everywhere 
uniform. Thus, in the northern and southern outskirts of the Kuznetsk 
Alatau C. W. Radugin, G. A. Kuznetsov, and J. K. Bazhenov observed 
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an alternation of terrigenous deposits, volcanic sheets, and limestones 
(containing Archaeocyathinae), while over the whole of the remaining 
territory a great limestone series has been laid down. In these limestones 
there was discovered (by J. S. Edelstein on the eastern slope of the 
Kuznetsk Alatau and by J. P. Tolmachov in the environs of the town of 
Krasnoyarsk) a fauna of trilobites and brachiopods which, as deter- 
mined by Miss C. Lermontova, are indicative of the Middle Cambrian. 

On examination of all the facts thus far presented, we see that there 
is no doubt of the Proterozoic age of the ancient formations, for between 
them and the Cambrian there is an enormous gap manifested by three 
orogenic cycles, one volcanic cycle, and four cycles of erosion. 

We must note, however, that the Lower Cambrian age of the beds 
underlying the Middle Cambrian can not be regarded as definitely estab- 
lished. The fact is that, according to Miss Lermontova, the Middle 
Cambrian is probably represented by its middle sections, with possibly 
considerable oscillations up and down, yet still within the limits of the 
Middle Cambrian. If so, it is natural to suppose that the deposits re- 
ferred by A. M. Kuzmin and G. A. Kuznetsov to the Lower Cambrian 
may possibly represent the lowermost strata of the Middle Cambrian.® 

However, this conclusion is contradicted by the stratigraphy of that 
part of Central Siberia which lies immediately to the east of the territory 
covered by the appended map (figure 1). There, at the foot of the Eastern 
Savan Range, we may observe a great series of limestones and sandstones 
of the Lower Cambrian, in which the above-discussed tectonics of the 
Proterozoic formations has not been reflected at all. 

This seems to me sufficient grounds for referring the lithogenesis ancl 
tectogenesis discussed in the preceding section to the Proterozoic era. 


CAMBRIAN TECTOGENESIS 


By the close of the deposition of the Middle Cambrian limestones the 
sea had begun to shallow, laying down in place of the limestones, first a 
series of marls, and then a series of caleareous shales and sandstones. 
After the regression of the sea, caused by an epirogenic uplift, there 


6 Miss Lermontova has recently kindly informed me that she has discovered some new 
facts relating to the Cambrian succession in the Lena section in the region of the rivers 
Sinyaia and Botoma (Jakutian Aut. S. 8S. R.). Though represented mostly by facies dif- 
fering from those of central Siberia, this section has the advantage of being bounded at 
base and top by strata characterized by typical faunas rather close to those of Europe and 
America, namely: a Protelenus fauna (of the type of that described by Cobbold from 
Comley, Shropshire) at base and a fauna of the Paradovides forachammeri horizon at top. 
In both these strata, as well as in those lying at the middle of the section, there occur 
some (mostly new) forms richly represented in the Cambrian of Central Siberia ; this fact 
gives promise, on the completion of this study, of the possibility of some correlation and 
thus of fixing the age of the Cambrian of Central Siberia with more accuracy. 
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began a volcanic cycle, very pronounced in the region of the western 
slopes of the Eastern Sayan Range. 

The epirogenesis and the volcanic cycle were the forerunners of a 
powerful orogenic cycle that took place later, in Upper Cambrian time. 
This orogenesis, with which abyssal intrusions of a granite magma are 
connected, is proposed for the first time in connection with Siberia, and 
unless I am mistaken, it has never been recorded in any other part of the 
world. It is based in part on my own observations, in greater part on 
those of A. M. Kuzmin’s, and especially on my analysis of A. J. Bulyn- 
nikov’s observations. I am distinguishing it by the name Salairian fold- 
ing ; this term has been proposed by A. M. Kuzmin, who considers it as 
an ancient phase of the Caledonian folding. But I believe that it would be 
more correct to separate it as an independent orogenic cycle, for its con- 
nection with voleanisms, in the form of both an effusive and an abyssal 
phase, sharply distinguishes it from the Taconian folding, which in this 
part of Siberia, though very intense, was not accompanied by traces of 
abyssal volcanism. 

An examination of the Cambrian stratigraphy and tectonics is of in- 
terest in this connection, for it permits us to study in detail those new 
tectonic deformations which the Proterozoic deposits underwent during 
that period of time. 

A glance at the appended table (plate 11, number 8) at once reveals 
the fact that the horizontal Cambrian beds would react against tangential 
thrust in a very different manner than would the rigid Proterozoic shield. 
The Cambrian strata would be laid into regular folds, while the Protero- 
zoic (having gone through several orogenic cycles and being traversed by a 
dense carcass of dykes of magmatic rocks) would not be capable of form- 
ing regular folds. In it there would take place a partial compression of 
the ancient folds, but chiefly there would appear numerous faults and 
upthrusts, by which the Proterozoic shield would be broken up into a mul- 
titude of wedges. The contact between the Cambrian and Proterozoic 
would be disturbed and in many places mylonites would arise which to 
the eye of an insufficiently experienced explorer would suggest the false 
conclusion of the existence here of thrust-sheets. 

In the appended plate (plate 11, number 9), it is shown that the 
Salairian folding was effected by a thrust from the south and accom- 
panied by an overturning of the folds of Cambrian strata to the north, 
as well as by the formation of upthrusts (in the Proterozoic formations) 
with planes dipping steeply to the south. This picture holds true only 
in connection with the southeastern part of the area covered by the map 
(figure 1). In this part, for example, in the region of the northern 
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slope of the Western Sayan Range, we may observe that even the 
Proterozoic folds are overturned to the north, the Cambrian beds having 
been pushed beneath the Proterozoic beds. 

The remaining part of the area examined shows very different directions 
of the Salairian folding in the Cambrian beds. 

Thus, in the northwestern outskirts of the Kuznetsk Alatau, according 
to C. W. Radugin’s observations, they have a north-northwest direction ; 
in the southern outskirts of the Yenissei Range (east of Krasnoyarsk) 
they have a northeast direction, as shown by A. M. Kuzmin; in the west- 
ern slope of the Eastern Sayan Range, between the Kyzyr and Kazyr 
Rivers, they trend east-west, as shown by A. J. Bulynnikov; in the south- 
ern and southwestern outskirts of the Kuznetsk Alatau Range they have 
a north-northeast strike, as demonstrated by G. A. Kuznetsov and A. M. 
Kuzmin; in the eastern outskirts of the Salair Range these folds are 
bent in the form of an are and overturned upon the Salair; in the 
eastern outskirts of the Kuznetsk Alatau they have an east-northeast and 
even an east-west strike, as shown by my own observations. 

This intricate picture presented by the disposition of the Salairian 
folds I explain in the following manner. At the very close of the Pro- 
terozoic era the highly deformed pre-Cambrian shield of the southern 
part of Central Siberia was broken into separate large blocks. One of the 
groups of these blocks occupied later an upraised position: this is the 
group of blocks of the Kuznetsk Alatau, the Yenissei Ridge, the Western 
and the Eastern Sayans, and the Salair and Byia ranges. The second 
group of blocks, located between the preceding areas, is in a lowered posi- 
tion. To this group belong the Kuznetsk coal basin and the Minussinsk 
basin. 

It is not clear to me what caused the Siberian Proterozoic shield 
to be broken up into separate blocks. It is possible, and even probable, 
that we have to deal in this case with the manifestation of a new diastro- 
phic cycle, as yet unknown to students of Siberian geology. If this sup- 
position should prove to be correct, it would appear that this new diastro- 
phie cycle was subsequent to the Proterozoic volcanic cycle (plate 11, 
number 5), for we do not find any accumulations of basaltic magma about 
the sides of these blocks. 

If we adopt this hypothesis, we must assume that the Cambrian deposits 
were laid down on the surface of the Proterozoic shield at a time when 
it had already been broken up into blocks. During the Salairian folding 
these blocks were in motion, either being pressed one against the other 
or sinking one below the other. The direction of the folds formed in the 
Cambrian limestones during this process was governed in many cases by 
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the direction of the fissures along which the blocks were separated. In 
other words, I regard the Salairian folds of the Cambrian beds corre- 
sponding to Argan’s surface folds and believe that these blocks of the 
Proterozoic shield took an active part in the modeling of this structure. 

After the Salairian folding the blocks of the Siberian shield were again 
moved. The Kuznetsk Alatau experienced an epirogenic uplift, after 
which a new erosional cycle began (plate 11, number 10). Further, 
during the Ordovician period the part of central Siberia under discus- 
sion was subject to a marine transgression, during which the Salair 
Range, the Western Sayan and the southern part of the Eastern Sayan 
ranges, as well as the southwestern and northern outskirts of the Kuznetsk 
Alatau were submerged. The major part of the Kuznetsk Alatau and the 
northern part of the Eastern Sayan ranges, however, remained as land 
areas during that time (plate 11, number 11). 

Finally, I will touch on the question of the behavior of the granitic 
magma during the Salairian orogenesis. In 1927, I advanced the sup- 
position that in the Kuznetsk Alatau the granite batholiths penetrated 
with the whole of their mass into the Proterozoic deposits, but only 
slightly touched the Cambrian beds, into which only their apical parts and 
shoots penetrated. This idea found its confirmation in my analysis of 
Bulynnikov’s observations on the western slope of the Eastern Sayan 
tange. 

The regularity in their mode of occurrence I explain as follows. The 
granitic magma, penetrating into the crushed Proterozoic shield, could 
easily create magmatic chambers by the sinking in of its roof and by 
assimilation of the side rocks, which previously had been sufficiently 
crushed and fractured. The continuous thick series of Cambrian lime- 
stones resting on the Proterozoic acted as a roof for the granitic intru- 
sions ; the magma, having ascended up to it, was stopped, not being able 
to break through it. A. J. Bulynnikovw’s observations permit us to state 
with sufficient accuracy that the exposed surface of the granite batholiths, 
representing their apical parts, has preserved on its surface fragments of 
the roof formed by Proterozoic beds. On the other hand, among the 
Cambrian limestones, we observe only small granite shoots, together with 
hydrothermal ore veins. Such a conception leads to a highly important 
practical conclusion. As the contact metamorphic copper deposits known 
in this region are confined to the apical parts of the granite batholiths, 
new ones are to be searched for at those points where the granite batho- 
liths are already exposed and the relics of Cambrian limestones are still 
preserved. 
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CONCLUSIONS 

The presence of several orogenic and erosional cycles, as well as of a 
lasting volcanic cycle separating the different Proterozoic deposits in the 
southern part of central Siberia, is evidence that the Proterozoic deposits 
in this part of Siberia can not be referred to the close of the Proterozoic, 
but rather as a first approximation, to the Middle Proterozoic. Marine 
tillites and cherts constitute a typical stratigraphic feature of these 
deposits—evidence that the deposition of the upper part of this series 
of sediments took place at a time when the land surface of Proterozoic 
Asia was going through an epoch of glaciation. 

The petrographic composition of the pebbles and fragments in the 
Kuten-Buluk series (silicified shales, argillaceous shales, sandstones, and 
bituminous limestones) indicate that into the composition of this un- 
known Proterozoic continent there entered faintly metamorphosed rocks, 
which are to be referred to the earliest (Lower) Proterozoic. 

Among the tillites there often occur pebbles of slightly metamorphosed 
or even unaltered effusives; in the graywackes of the Kuten-Buluk series 
I have found small fragments of fresh (amorphous) volcanic glass. I 
believe that I am not wrong in-referring these effusives also to the Lower 
Proterozoic; they can not be referred to the Archeozoic, because of their 
faintly metamorphosed condition. 

The presence among the tiJlites of mica quartzite, gneiss and hematitic 
quartzite pebbles indicates that the deposits of the ancient Proterozoic 
were eroded during the same period of time, and that from beneath 
them there was already appearing on the surface a gneiss which is 
apparently to be referred to the Archeozoic. 

The presence of effusives among the sediments of the Lower Proterozoic 
makes it natural to suppose that before the beginning of the glacial epoch 
the Lower Proterozoic strata were pushed from their horizontal position 
not by epirogenic, but probably by orogenic processes with which the vol- 
canic phenomena were connected. But if such a conclusion is drawn, 
the inference will naturally suggest itself that the Lower and Middle 
Proterozoic eras were separated by a great interval represented by an 
orogenic and by volcanic cycles. 

It is true that these facts are still insufficient to form the basis of 
definite conclusions, and I am wholly aware of my weaknesses in attempt- 
ing to penetrate into the remoteness of past ages through the mist of the 
unknown, but I put these questions in the hope that some day they will 
be of use, when, through a joint effort, we shall begin the study and corre- 
lation of the pre-Cambrian of Siberia, Mongolia and China. 
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EXPLANATION OF PLATE 
PLatTE 11.—Proterozoic Beds during Proterozoic Era and Cambrian Period 


Proterozoic Era 


Ficvure 1.—Stratigraphy of the Proterozoic era. 

(a) Kuten-Buluk series: graywackes, shales, limestones with 
pebbles and fragments of extraneous rocks (marine 
tillites). 

(b) Yenissei series: bituminous limestones with chert and frag- 
ments of foreign rocks in its upper part (marine tillites). 

(c) Graywacke series: shales, graywackes, arkoses with sheets 

of acid effusives (quartz-keratophyres). 


Figure 2.—Baikalian folding and cycle of erosion (direction of thrust from 
northwest to southeast). 


FicureE 3.—Sayanian folding and cycle of erosion (thrust directed northeast- 
southwest or southwest-northeast). 

Ficure 4.—Kyzyrian block-faulting (thrust directed, probably from south- 
southeast). 

FicurE 5.—Lasting cycle of erosion. New thrust directed northwest-south- 
east (or conversely) and powerful multiple extrusions of basal- 
tic magma. 

Ficure 6.—Cvcle of erosion. Volcanic sheets preserved in the form of small 
relictal bodies. 


Cambrian Period 


Ficure 7.—Close of the cycle of erosion and partial transgression of the Lower 
Cambrian sea, accompanied by a volcanic cycle. 

Figure 8.—Great transgression of the Middle Cambrian sea. 

Ficure 9.—Epirogenesis and Salairian orogenesis with granite intrusion. 

Figure 10.—Epirogenesis and cycle of erosion. 


Ordovician Period 


Figure 11.—Continuation of cycle of erosion and partial transgression of the 
Ordovician sea. 
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GENERAL GEOGRAPHY 


The territory which is the subject of this report is situated in central 
Siberia immediately south of the Great Siberian Railway between latitudes 
52 degrees and 56 degrees North and longitude 86 degrees and 98 degrees 
East (from Greenwich). As shown on the sketch map (figure 1) the 
Yenissei River flows through the middle of the area from south to north. 

The middle part of this territory, named the Minussinsk basin, repre- 
sents an undulating steppe, drained by the Yenissei, the Abakan and the 
Tchulym rivers, tributary to the Ob.* 

To the west rises the Kuznetsk Alatau Range, drained by the left 
tributaries of the Yenissei River and the right tributaries of the Tom 
River. This strongly dissected massif is covered by a dense forest (taiga), 
the mountains in its central part (in the upper courses of the rivers 


* Manuscript received by the Secretary of the Society March 1, 1932. 

+ Introduced by V. A. Obruchev. 

1In its head part the Tchulym River consists of three rivers : Sarala-Yus, Tchorniy Yus 
(Black Yus), and Bjeliy Yus (White Yus). 
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Tchulym and Tom) rise above the timberline, and their slopes are hidden 
under eternal snow. The Western Sayan Range, lying to the south and 
drained by the Yenissei and its affluents has.much the same topography. 
The eastern part of the area referred to is occupied by the Eastern 
Sayan Range; on the appended map only the northwestern end of this 
large mountain massif is shown, crossed by the right affluents of the 
Yenissei. Here, in the upper part of the Kyzyr River, the summits of the 
mountains reach 3,000 meters in altitude and have small glaciers. 
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FIGURE 1.—South Portion of Middle Siberia 


‘T'wo branches lead off from the northwestern end of the Eastern Sayan ; 
the one to the north, ending at the town of Achinsk, is called the Arga 
Ridge. 

In this way the Minussinsk basin is surrounded on the south, west and 
east by these three massifs, which are inseparably linked to one another 
and present orographically and geologically a single unit. 


GENERAL STRATIGRAPHY 


The Minussinsk basin, as well as the Kuznetsk coal basin, situated to the 
west of the Kuznetsk Alatau, is made up of Middle and Upper Paleozoic 
rocks, which are in some places covered with Jurassic and Tertiary de- 
posits. 
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The massifs mentioned aye composed of pre-Cambrian deposits, on the 
dislocated and eroded surface of which are preserved remains of Middle 
Cambrian, Ordovician, Silurian, and Devonian beds. Moreover, the pre- 
Cambrian is traversed by numerous dykes of pre-Cambrian diabase, large 
batholiths of Upper Cambrian granite, and also by dykes of Silurian 
diabases, porphyries, and orthophyres (30, 31). 

The pre-Cambrian age of the ancient sediments is proved by the fol- 
lowing facts: 

My investigations covering several years in the Kuznetsk Alatau have 
shown that the ancient deposits in this massif have undergone first, two 
orogenetic cycles, and then a volcanic cycle, after which a long cycle of 
erosion destroved the volcanic sheets. The eroded surface of these sedi- 
ments was covered transgressively by Middle Cambrian limestones con- 
taining archaeocyathids, trilobites, and brachiopods. On the western slope 
of the Eastern Sayan we have the same situation as in the Kuznetsk 
Alatau, as has been shown by my analysis of the observations of A. J. 
Bulynnikov, with the difference that in the Eastern Sayan the pre-Cam- 
brian deposits have undergone three orogenetic cycles, which took place 
before the effusion of the ancient diabases. Probably the Kuznetsk Alatau 
has undergone a third orogenetic cycle; but it has not yet been definitely 
ascertained, as no detailed geologic researches have been made there. 

The investigations of A. M. Kuzmin have shown that in the south- 
western part of the Kuznetsk Alatau and in the southern part of the Salair 
Range, on the dislocated and strongly eroded surface of the same ancient 
deposits, lies transgressively a series of terrigeneous sediments inter- 
bedded with numerous sheets of acid lavas. A. M. Kuzmin refers this 
formation to the Lower Cambrian, as it is conformably overlaid by lime- 
stones of the Middle Cambrian containing archaeocyathids (18). 

The age of the Lower Cambrian series is not definitely settled because of 
the absence of fauna, and the possibility of these deposits forming the 
lower horizons of the Middle Cambrian is not excluded. But the pres- 
ence of the enormous gap between the Middle Cambrian and the ancient 
formations disposes of any doubt about the latter being really pre-Cam- 
brian. The very slight regional metamorphism of these deposits leads me 
to refer them to the Proterozoic. 


THE PROTEROZOIC 
THE THREE SERIES 


The whole mass of the Proterozoic beds is divided into the following 
three series : 
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1. Argillaceous, carbonaceous, and siliceous shales (chert), 


graywackes, and bituminous limestones. 


2. Bituminous limestones with siliceous shale ( 
ings. 


Kuten- 
Buluk 
series 
chert) part-) Yenissei 
series 


3. Graywackes and argillaceous shales interbedded with ) Graywacke 


quartz kerathophyre sheets. 


} Craywacke 
: f oreign rocks 


-:black cherts 


bituminous 
limestone 


S/late.arkose and 
graywacke 


acid effusives 


§ series 


Kuten-Buluk 


Series 


| conformity (") 


Yenissei Series 


unconformity(”) 
Graywacke 


Series 


FicuRE 2.—Division of the Proterozoic 


The stratigraphy of the Proterozoic is shown in figure 2. The Kuten- 


latter series is located beneath outcrops in the Eas 


Buluk series is strongly eroded, and its thickness apparently does not 
exceed 300 to 400 meters; the Yenissei series is not less than 3,500 meters 
thick (27) ; and the thickness of the graywacke series is unknown. This 


tern Sayan, where A. J. 


Bulynnikov has studied it ; in the Kuznetsk Alatau I have found it at only 
one point, at the source of the Tchorniy Yus. The past summer K. W. 
Radugin discovered this formation in the sou 
Kuznetsk Alatau. 


thwestern part of the 
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The Kuten-Buluk and the Yenissei series are of greatest interest in the 

present study. 
YENISSEI SERIES 

This series is represented by white, gray, and black bituminous lime- 
stones that contains a large quantity of HS. They are distinctly bedded 
and are very feebly metamorphosed except those areas which are altered 
by granitic instrusions. In these limestones there have been discovered 
organic remains extremely like those algae which C. D. Walcott has 
described from the Algonkian deposits of the Rocky Mountains of North 
America (36). 


FIGURE 3.—Bituminous Limestones of the Yenissei Series 
a. With two chert seams. 
6. Eastern border of the Kuznetsk Alatau, 15 kilometers southeast from the Julia 
Copper Mine. 


These organisms were found by J. S. Edelstein on the western slope 
of the Eastern Sayan in the lower course of the Kysyr River (16) ; they 
were also found by A. J. Bulynnikov and by me in the Kuznetsk Alatau 
in the head region of the Sarala-Yus River and by K. W. Radugin in the 
southwestern part of this range. The presence of these organisms con- 
stitutes additional proof that the Yenissei series should be referred to the 
Proterozoic. 
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The whole Yenissei series is composed of such homogeneous limestones 
that it can not be subdivided. Only in its upper horizons a laver of black, 
gray and yellowish siliceous schists appears (27). The siliceous shales 
undoubtedly represent sedimentary rocks, as they always appear as layers, 
sharply delimited from the bituminous limestones in which they are en- 
closed. These beds may be traced along the strike a few kilometers ; their 


Figure 4.—Sharp Contact of Limestone and Chert 
a. Contact; b, limestone; c, chert, natural size. Eastern bor- 
der of the Kuznetsk Alatau. 


thickness ranges from 100 meters to 5 centimeters. In some places such 
a layer is divided into two or three separate layers, which run strictly 
parallel and close together. In figure 3 is shown a thick layer of these 
siliceous shales consisting of two strata. A sharp, straight contact between 
the shales and the bituminous limestones is shown in figure 4. 

The presence of these siliceous shales in the limestones of the Yenissei 
series was made known through my investigations and those of A. M. 
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Kuzmin in different parts of the Kuznetsk Alatau (18). In the Western 
Sayan J. K. Bazhenov and N. A. Batov have discovered them (1 to 5) ; 
and A. A. Vassilyev has described them in the Arga Range (34 to 35). 
In the Eastern Sayan, at the source of the Birjussa River, I. A. Molehanoy 
has studied them (24 to 25), and I have found them near Krasnoyarsk 
(29). In the Salair Range they also exist, judging from the statements of 
B. F. Speransky, and they are present on the western slope of the Eastern 
Sayan between the Kuzyr and Kazyr rivers, as shown by my analysis of 
the observations of A. J. Bulynnikov (9, 30). 

I consider these rocks as a key horizon, characteristic of the uppermost 
part of the Yenissei series over an area more than 240,000 square kilom- 
eters in extent. 


KUTEN-BULUK SERIES 


This series consists for the most part of graywackes with interbeds of 
argillaceous—in places even carbonaceous—shales, among which seams of 
bituminous limestones are rather frequently found; moreover, siliceous 
shales occur everywhere among these rocks. The thickness of the seams 
of the siliceous shales ranges from 1 centimeter to 1 meter. 

The observations of A. A. Vassilyev in the Arga Range, of A. J. Bulyn- 
nikov in the Eastern Sayan, and of Bulynnikov and myself in the Kuz- 
netsk Alatau show that the interbeds of the siliceous shales are an essen- 
tial component of the Kuten-Buluk series in all these mountain massifs. 

The whole series rests upon the Yenissei series conformably (with no 
trace of a break). I have observed in some parts of the Kuznetsk Alatau 
that the first series lies directly upon the second one, the Kuten-Buluk 
series beginning locally with a seam of siliceous shales. 

In appearance, in mineralogic composition, and in microstructure the 
siliceous shales of the Kuten-Buluk series do not differ from the siliceous 
shales of the Yenissei series. Therefore I consider both these series as an 
uninterrupted suite of sediments, the lower part of which is built of 
organogenous sediments (limestones), and the upper part of terrigenous 
sediments. The interbeds of siliceous shales present a connecting link 
uniting both series into one indivisible whole. 


PEBBLES AND FRAGMENTS OF FOREIGN ROCKS IN THE PROTEROZOIC 
SEDIMENTS 


The most striking peculiarity of the Kuten-Buluk series is that well- 
rounded pebbles and angular fragments of different rocks are locally 
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found in it. They are not a basal conglomerate. First, they do not occur 
at the base of the Kuten-Buluk series, but in its lower horizons, among the 
graywackes and slates; moreover, I have observed them in the upper 
horizons of the Yenissei series. Second, they do not form a constant 
horizon. In places they appear as little pebbles embedded in the rocks 
several decimeters apart from one another; in other places they form 
accumulations 114 to 2 meters in thickness, in which pebbles predominate 
over the cement. In this last case they quickly wedge out along the strike, 
producing the impression of accumulated material, in which the size of 
the pebbles range from 3 to 30 centimeters. I could not discover any 
kind of sorting in them. Especially interesting are the instances in which 
coarse pebbles 20 centimeters in size are embedded in loose, fine-grained 
graywacke (30). 

The petrographic composition of these pebbles is particularly signifi- 
cant. On the western slope of the Eastern Sayan, to judge from the 
observations of A. J. Bulynnikov, these pebbles consist of granite, gneiss, 
quartzite with hematite, white micaceous quartzite, and limestone. In the 
Kuznetsk Alatau, according to my observations, these pebbles consist of 
white limestone, diabase, kerathophyre, highly weathered basic lava, and 
silicified shale. In one place I found one pebble of fresh, unweathered 
biotite granite. In another place I found a well-rounded pebble of black 
siliceous shale, enclosed in loose graywacke, but slightly crushed; the 
pebble had evidently undergone this crushing before it became a pebble. 
In the central part of the Kuznetsk Alatau I found in the slate one 
pebble of a very compact, coarse-grained sandstone, which under the 
microscope was found to be composed of granite fragments, basic lavas, 
and small, rounded pebbles of silicified slate. 

During my several years’ investigations in the north and central parts 
of the Kuznetsk Alatau I have nowhere discovered either granites or dikes 
of magmatic rocks which might have been eroded prior to the deposition 
of the Kuten-Buluk series. Nor have I discovered between these series 
either volcanic sheets or any particular sedimentary rocks separating the 
two series. Other explorers also have failed to find such occurrences. 

Meanwhile, had such rocks existed here, that is, rocks younger than 
the Yenissei series but older than the Kuten-Buluk series, their formation 
and their subsequent erosion would have been connected with powerful 
tectonic and erosional processes, which the Yenissei series would have had 
to undergo prior to the deposition of the Kuten-Buluk series. These 
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processes would have laid such a deep stamp upon the Yenissei series that 
we could now find in many places an angular unconformity and traces of a 
break between these series. Nothing of the kind can be observed either 
in the Kuznetsk Alatau, as my studies show, or in the Eastern Sayan as 
A. J. Bulynnikov attests (12). 


ACTIVITY OF THE ICEBERGS 


All the peculiarities of the above-described pebbles show that they are 
intraformational conglomerates. The material of these conglomerates 


Figure 5.—Marine Tillite; Graywacke with Fragments of foreign Rocks 
The fragments show distinct weathering crusts. Half natural size. Kuznetsk Alatau, 
“Kommunar”’ Gold Mine, formerly ““Bogomdarovanny.” 


was brought from afar, for in the vicinity we know neither granites, nor 
gneiss, nor quartzites, through the destruction of which this material 
could have been formed. The “graywacke series” which lies under the 
Yenissei series could not have furnished material for them. First, it is 
slightly metamorphosed and (loes not contain any gneiss; second, it is sep- 
arated from the Kuten-Buluk series by the limestone beds of the Yenissei 
series, which have been traced to the east and west of the area we are pass- 
ing in review. 


XXXIX—BULL. GEOL. Soc. AM., VoL. 48, 1932 
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The only explanation I can give for these formations is to regard them 
as brought down by icebergs from the surface of the continent which was 
covered by glaciers at the time when the sediments of the Kuten-Buluk 
series were deposited. It is possible that the well-rounded pebbles are 
derived from littoral sediments which were frozen into the ice when the 
glacier reached the surface of the sea, but the angular fragments were 
brought by the glaciers from the continent (32). I consider that the 
correctness of this explanation is proved by the evidences of ancient 
weathering, the traces of which are well preserved on the surface of some 
of the fragments. 


Figure 6.—Polished Surface of Specimen shown in Figure 5 
Natural size. Weathering crusts are shown. 


In the central part of the Kuznetsk Alatau near the mine “Kommunar” 
(formerly “Bogomdarovanny”) I discovered the sample shown in figure 5. 
In this photograph angular fragments showing a weathering crust are 
clearly seen embedded in dark graywacke in which the weathering phe- 
nomena are completely absent. When I broke the sample, I discovered 
that the rock fragments in its interior had the same weathering crust, as 
is shown on the polished surface of the cross-section of the same specimen 
(figure 6). The second specimen found by me in the same locality is 


shown in figure 7. 
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I have observed the same weathering crust in the conglomerates of the 
Kuten-Buluk series on the western slope of the Eastern Sayan, on Mount 
Sarlyk near the village of Beloyarskoje. The weathering crusts could not 


Figure 7.—Marine Tillite; Graywacke with Fragments of foreign Rocks 
Half natural size. From Kuznetsk Alatau, “‘Kommunar” Gold Mine. 


have been preserved on the surface of these fragments if they had been 
transported by running water. Only an iceberg could transport them in 
this weathered state. I propose to name the marine sedimental rocks con- 
taining foreign fragments brought there by the icebergs, marine tilliles. 


The big blocks of foreign rocks which I have studied in the upper 
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horizons of the Yenissei series in three different places of the Kuznetsk 
Alatau present further proof of the action of the icebergs. Thus, on the 
left bank of the Sarala-Yus River I found in the limestones an angular 
fragment of calcareous quartzite 30 centimeters in diameter; the lime- 
stone strata swept about it smoothly, showing that this fragment was 
introduced during the deposition of the limestones. 


Figure 8.—Boulder of foreign Rock in the Limestone of the 
Yenissei Series 
Kuznetsk Alatau, the Inei River. 


I also found a large block nearly 1 meter in diameter in the central part 
of the Kuznetsk Alatau on the right bank of the Inei River,’ likewise in 
the limestones of the Yenissei series (figure 8). This block is embedded in 
upright and finely laminated bituminous limestones, the layers of which 
sweep about it very smoothly on both sides, as is well shown in figure 9. 


2 The Inei River is an affluent of the Ulen River. The Ulen River drains into the Kara- 
tash River on the right side. The latter is a right tributary of the Bielyi-Yus River. 
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Microscopic analysis shows that this block is a diorite or an ancient 
voleanic tuff, but the rock is so much altered by metasomatic processes and 
later by weathering processes, that it is impossible to give an exact deter- 
mination of it. The sharp contact between this rock and the limestones, 
the complete absence of metasomatic processes in the limestones, the 
presence of bitume in the latter, and the smooth curves of limestone layers 


FIGuRE 9.—Same View as in Figure 8 
Photograph taken by means of a teleobjective. 


about the block—all this shows that this is a foreign block which has 
come into the limestones during their deposition. 

A third block has been found in these limestones 2 kilometers from 
the second. 

It is important to emphasize that all three blocks were discovered in the 
upper horizons of the Yenissei series, which enables us to refer the first 
appearance of the icebergs to the last stages in the deposition of the Yenis- 
sei series. 
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In the Arga Ridge A. A. Vassilyev has studied the pebbles and angular 
fragments of diabase and porphyry in the graywackes of the Kuten-Buluk 
series. In places the pebbles are badly assorted, and their size ranges 
from 1 to 10 centimeters. Vassilyev considers them as common con- 
glomerates and tuff breccias (34, 35). 

Near the town of Krasnoyarsk on the Basaikha River * I have observed 
diabase pebbles in the sandstones of the Kuten-Buluk series. G. A. 
Kuznetzoy also reports that in the same place, on the Basaikha, he has 
found in these deposits pebbles of black and gray limestone, of gray sand- 
stone, of black slate, and siliceous shale, as well as—and this is particularly 
significant—pebbles of white quartzite and spherulitic quartz porphyry. 
G. A. Kuznetzov emphasizes the fact that the pebbles are well rounded 
but badly assorted, and that the white quartzites and quartz rocks are 
foreign to this region (22). 

On the northern slope of the Western Sayan J. K. Bazhenov has ob- 
served in the graywackes of the Kuten-Buluk series angular fragments 
of porphyry and pebbles of silicified rocks. In the southeastern part of 
the Kuznetsk Alatau the same explorer has observed crushed pebbles of 
metamorphosed porphyrite embedded in slightly metamorphosed, loose 
sandstones of the Kuten-Buluk series (6). 

The beds containing foreign rock fragments at the four places men- 
tioned I also consider as marine tillites. 

On the appended map all the places where pebbles and fragments have 
been found in the Kuten-Buluk series are marked with squares; the 
blocks of foreign rocks in the Yenissei series are marked with triangles. 
Thus we see that the whole area bears traces of floating icebergs. 


SILicEous SHALES (CIERT) 


If my supposition that the phenomena described above depend on the 
action of floating icebergs is correct, the inevitable conclusion must be 
that the warm sea that deposited the limestones of the Yenissei series 
underwent a cooling at the end of the deposition of these limestones, and 
during the deposition of the Kuten-Buluk series became a cold sea. 

One of the characteristic peculiarities of cold seas is the deposition 
of silica, as oceanographic investigations show. A second peculiarity 
of the ancient cold seas is the deposition of graywackes, according to many 


geologists (7, 8, 32). 


* The Basaikha River is one of the right tributaries of the Yenissei. 
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We have already seen that in the Yenissei series, in which the great 
mass of limestones is notable for the monotony of its lithologic composi- 
tion, seams of black and gray siliceous shales embedded in its upper 
horizons suddenly appear as a sharp dissonance. Evidently something 
happened in nature, and the geochemical and biochemical processes of this 
sea were disturbed. This change spread over a large area, as I have 
already shown. Probably this was the first advance of the ice. Further, 


Figure 10.—Two narrow Chert Bands 
a, in limestone of the Yenissei series. Natural size. Kuznetsk Alatau. 


we see in the Kuten-Buluk series a close alternation of the same siliceous 
shales with graywackes and argillaceous slate; bituminous limestones 
occur only as separate layers. Among these sediments one observes such 
a fine interlamination that the siliceous shales and the slate have in places 
a thickness of only 1 to 2 centimeters, vividly recalling the description 
given of the seasonal banding of the tillites of the North American Pro- 
terozoic (13). 

Figure 10 respresents two fine chert partings in limestone. 

Microscopic analysis of the siliceous shales shows that they are a very 
fine-grained aggregate of quartz grains and their contact surfaces crenu- 
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late contours. The rocks consist almost entirely of quartz, with a little 
admixture of rounded grains of bituminous substance and of finest pyrite 
crystals, almost entirely converted into limonite. The grains of bitumen 
in some samples are disposed in parallel rows; and I have observed that 
these rows of bituminous grains go through the quartz grains. This last 
observation shows that the siliceous shales (chert) can not be regarded 
as metamorphosed sandstones. Almost everywhere the chert is penetrated 
by small veins of secondary quartz. 


Figure 11.—Chert enclosing Two Limestone Pebbles a, a 
Natural size. Kuznetsk Alatau. 


I have not as yet been able to ascertain the origin of these rocks. It may 
be that they are organogenous sediments, or they may be sediments of 
colloidal silica, but the possibility is not excluded that both causes have 
conjointly formed these rocks. 

The bitumens -and pyrite in these shales are of organic origin; the 
sulphur in the pyrite is, I consider, a product of decomposition of albu- 
men. The presence of sulphur and bitumen shows that certain organisms 
have undoubtedly taken part in the formation of these rocks; but I have 
not yet found any distinct traces of these organisms. It seems to me very 
likely that these are diatomaceous oozes, as such sediments are at present 
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formed in the cold waters of the Arctic Sea. I am well aware that the 
present state of our paleontologic knowledge speaks against such a sup- 
position, as diatoms are known only since the Jurassic, and in the op:nion 
of geologists they did not make their appearance until just after the 
Jurassic period, but all the more does the problem of learning the genesis 
of the Proterozoic cherts become interesting and tempting. 

If my supposition that the cherts are organic or chemical sediments of 
silica is correct, it must be foreseen that these sediments will not be 
pure everywhere. In places they will be contaminated by fragments of 
terrigenous material, and through careful field research it is to be expected 
that such fragments will be found in them. In fact, I have discovered in 
some slides a considerable quantity of quartz and fresh feldspar frag- 
ments, so that at first sight the rocks look like felsite under the microscope. 
Moreover, I found on the eastern slope of the Kuznetsk Alatau two little 
pebbles of white, unrecrystalized limestones in the siliceous shales, as 
shown in figure 11, These findings confirm the fact that the foreign 
material was brought in during the deposition of the cherts. 


TRACES OF Prorerozorc GLACIATION IN OTHER PARTS OF THE ASIATIC 
CONTINENT 


Not long ago I. G. Nikolaev described the traces of the ancient glacia- 
tion in the north of Siberia on the Yenissei Ridge; he refers this glaciation 
to the Lower Cambrian (26). I think it is more correct to consider it as 
Proterozoic. 

If we compare the two photographs (1 and 4), appended to his work, 
it is not difficult to see that the limestones of the Middle Cambrian lie 
transgressively on the eroded surface of the tillites; moreover, the Middle 
Cambrian lies nearly horizontally and is not schistose, whereas the series 
of tillites show a strong schistosity almost in a vertical direction. ‘These 
facts show that the time of formation of the tillites is separated from 
the Middle Cambrian by a very long break. In other parts of Siberia, 
where Lower and Middle Cambrian are known, the Lower Cambrian is 
nowhere separated from the Middle by a diastrophic evcle. That is why 
Siberia belong to one and the same glacial epoch of the Proterozoic. 

It is interesting to note that in the same place where these tillites were 
discovered L, A. Yachevsky has observed layers of black chert, which, to 
judge from his description, are very similar to the siliceous shales I have 
described above (17). 

The place where evidence of this ancient glaciation was found is 550 
kilometers north of the territory I am describing in this article, and it 
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seems to me that the traces of glaciation in both these parts of Central 
Siberia belong to one and the same glacial epoch of the Proterozoic. 

A second place where evidence of ancient glaciation is known is in 
China, where this glaciation, discovered by B. Willis, was also first re- 
ferred to the Lower Cambrian (38). However, ge D. Walcott first 
expressed his doubt of its Cambrian age, and then I. G. Lee proved it to be 
a Proterozoic glaciation (23, 37, 33). 

The distance separating China from central Siberia is too great for 
drawing parallels. I only want to remind the reader that between them 
lies Mongolia, where the Proterozoic deposits contain a great quantity of 
graywackes and siliceous shales, as shown by the investigations of M. A. 
Ussoy, as well as those of the expeditions of B. M. Kupletsky organized 
by the Academy of Sciences of the U. 8. S. R. and those of the American 
expedition of C. P. Berkey and F. K. Morris (19, 20, 33, 7). 

I dare say one of the most interesting problems in store for the future 
investigator of the geology of Mongolia is the discovery in it of traces of 
Proterozoic glaciation. 


CoNCLUSION 


Prof. J. J. Sederholm, to whom belongs the honor of the organization 
of the International Association for pre-Cambrian research, in his letter 
of December 30, 1930, addressed to the geologists studying the pre-Cam- 
brian, says quite correctly: 

“Only if it is possible to show that pre-Cambrian formations in different parts 
of the world really exhibit great similarities in characters which are due to 
their original formation and if it can be made clear which mountain chains of 


pre-Cambrian age really belong together, will it be possible in the future to 
make a correlation which stands the test of criticism.” 


I believe that the phenomena of glaciation will have to serve as one of 
the foundations for such a correlation (15). 

Nature has not produced many glacial epochs on the earth. That is why 
I believe that the occurrence of glacial deposits in the sediments is one 
of the most reliable methods of correlating ancient nonfossiliferous series 
lying at great distances apart. A mistake which might arise in such 
correlation would probably be a mistake on a large scale, that is, of the 
order of a geological epoch or even of a period. But such a mistake we 
will be able to reveal by additional studies of volcanic and orogenic cycles. 
And if there be any mistakes of smaller scale, such mistakes are possible, 
as each glaciation epoch can have several glaciation ages—such errors 
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must be admitted in the present imperfect state of our knowledge of the 
stratigraphy of the pre-Cambrian. 

These errors are all the more admissible as the Proterozoic and Archeo- 
zoic present such a huge span of time which we will hardly be able in the 
near future to subdivide with the minuteness we have attained in the 
subdivision of the Tertiary or the Quaternary. 

If we consent to the introduction of the glaciation phenomena in the 
stratigraphy of the pre-Cambrian as a sort of “guiding fossil,” we must 
bear in mind the biology of this organism. It is indispensable to take into 
consideration the fact that glaciation phenomena have traces not only 
on dry land, but also in marine sediments. The marine tillites are, in my 
opinion, of far greater value to the purposes of stratigraphy than the 
terrestrial ones, as they are easier to be found, they cover a larger area, 
and, like the organisms, they are better preserved in marine sediments 
than on dry land. 

In connection with this I wish to stress the importance of a most careful 
study of the genesis of the different siliceous shales that so often occur 
among the graywackes. 

I would set up as the next, most urgent problem of the International 
Association for pre-Cambrian Research the correlation of the Proterozoic 
glaciation of Siberia with that of China. 

I am quite sure that the Asiatic continent—Siberia, Mongolia and 
China—will supply the most valuable materials for the solution of the 
problem presented. 
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FoREWORD 


The glacial lake history of New York, as interpreted by the writer, was 
published many years ago, in the appended list of writings. A stage of 
deglaciation, or marked ice-border recession, was recognized in central New 
York, which divided the succession of the ice-impounded waters into two 
series. That phase was called the episode of “Free Drainage” in paper 10. 
It was not then recognized as involving the territory west of the Tonawanda 
Valley, the meridian of Batavia. 

Restudy of the glacial inscriptions finds that the low drainage and 
deglaciation stage was not sufficiently emphasized in their relations; but 
that it probably involved the Ontario, Erie and Huron drainage areas. In 
this view it was a major event in the glacial history. Its relation to the 
western territory will be considered later in this writing. 

It is especially in the interesting matter of the glacial Lake Warren 
that the conception of the history requires change. It now appears that 
the early series of glacial waters, not only in New York, but in the Erie- 
Huron basin, was terminated by the downdraining and extinction of Lake 
Warren in the deglaciation stage. And that with the readvance of the 
ice-front in the Syracuse-Utica district another series of glacial lakes was 
produced, and the series had its culmination in the height of water with 
the restoration of Lake Warren, as the second Warren. 

The Warren shorelines mapped in paper 3 are now believed to be the 
inscriptions of the second lake Warren; as are also the lower gravel bars 
in the Erie basin, mapped in plates 2 to 5 in paper 9. 

The capacious drainage channels mapped in plates 2 to 4, paper 10, 
were, in the present view, carved not merely by local waters but by the 
copious outflow of the first Lake Warren, which occupied only the Erie- 
Huron basin. 

The observational data and the mapping of the features recorded in 
papers 1 to 10 remain intact. The change is in the interpretation of the 
records that relate to the Warren waters, and the involved water Jevels. 

During the interval of deglaciation the Ontario basin was at its lowest 
point of depression under the weight of the ice-cap, and the drainage 
through the Mohawk Valley was at or very near to sealevel. This condi- 
tion possibly gives the explanation, and the geologic date, for the inter- 
glacial deposits at Toronto, described by Professor Coleman in several 
papers. In that case the Toronto glacial complex, overlying the water- 
laid beds, would represent the last ice-readvance and the last work of the 
overriding ice-sheet, during the life of the second Lake Warren and its 
successors. This would date the Toronto deposits as late Wisconsin, 


instead of pre-Wisconsin. 
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GLAcIAL LAKE SERIES 


The records of Wisconsin glaciation in New York are abundant and 
conspicuous, in moraine, drumlin, esker, kame and lake inscriptions; and 
especially in the multitude of stream channels cut by the glacial waters, 
the ice-border drainage and the outflow of the glacial lakes. 

These records indicate a fairly continuous recession of the south front 
of the Quebec (Labradorian) continental glacier throughout the long 
stretch of the Genesee Valley, and across central New York to the Ontario 
lowland. From the headwaters of the Genesee River, in the terminal 
moraine in Pennsylvania, the records of the glacial drainage, with oscil- 
lating outflow west and east (paper 2) appear to register a consecutive and 
consistent history. Some hesitancies and some readvances of the ice-front 
may be admitted, as hinted by the heavier moraines. 

The first recorded series of the ice-impounded waters, a descending 
series, was terminated by the removal of the ice-sheet from central New 
York and the Mohawk Valley, thus permitting very low escape eastward 
of the waters of not only the Ontario basin but also of the Erie-Huron 
basin. 

The deglaciation interval, or “interglacial” stage involves especially the 
Lake Warren history, and some inferior waters. The story as formerly 
translated has been told in papers 1 to 11. 


Former Stupy AND THEORY 


The extension into New York of the glacial lake shorelines in the Erie 
basin was recognized by G. K. Gilbert as early as 1885. Jn 1893 the 
beaches were traced by Frank Leverett as far east as Alden, east of Buffalo, 
and were mapped and described in paper 19. 

Believing that the lower glacial water in the Erie basin, Lake Warren, 
had extended into central New York the writer made search at the theoretic 
elevation, and in 1896 discovered the shoreline in very handsome gravel: 
bars at East Avon, on the east side of the Genesee Valley. The Alden 
beaches, in the Erie basin, were then traced in good display about the 
salient north of Batavia, and into conjunction with beaches along both 
sides of the Genesee Valley. The features were described in paper 3. At 
that time no feature or relations had been noted which threw any doubt 
on the identity in genesis and in time of the beaches in the Erie basin 
and the somewhat less developed shoreline in the Genesee Valley and east- 
ward. 
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Subsequently a careful study of the glacial lake and drainage features 
in the Erie basin was made, and the results were published in Bulletin 106 
of the New York State Museum (paper 9). The detailed colored maps 
show the Whittlesey beach to its gradual extinction at Marilla, 17 miles 
south of east of the center of Buffalo; and the Warren shore features from 
State Line to as far as Pembroke, west of Batavia. At that date some 
of the topographic maps of the territory involved had not been published. 

In that paper on the Erie basin a notable spacing of the Warren bars 
was discussed at some length, in pages 64 to 74. The statement was made 
that further study might reveal complexity in the lake history; and the 
present writing, one-fourth century later, is that future study. 

In 1909 the glacial waters of central New York were described, and the 
drainage channels depicted in a series of colored maps in Bulletin 127 
(paper 10). The remarkable succession of ice-border river channels 
record the downdraining of the early series of glacial lakes in New York, 
and also, it is now believed, of Lake Warren in the Erie-Huron basin. 

The colored lithographic maps in those bulletins 106 and 127 are the 
essential exhibits in this study, and are necessary to the reader of this 
paper. Plate 2 of Bulletin 127, showing the intake channels, is reproduced 
here, as figure 1, in black and white with reduction in size. While 
“out of print,” these bulletins are in geological libraries and the larger 
public libraries, and ‘in many school libraries of New York State. 

Previous to the study of the glacial river channels, in Bulletin 127, 
the Lake Warren beaches had been located on both the south and north 
sides of the depression that carries the channels of the glacial waters, as 
mapped in paper 3, and in plate 2 of paper 10. It was evident that the 
Warren beaches in the Genesee Valley were certainly subsequent to the 
cutting of the river channels. Hence, back in 1909, the east-leading chan- 
nels were (wrongly, it is now believed) attributed to local waters, of the 
Genesee, Oatka and other valleys, although their capacity appeared 
greater than demanded by the valley pondings. 

The glacial lake history, as then conceived, held that the ice-front was 
pressed against the salient north of Batavia, confining Lake Warren 
to the Erie-Huron basin, while it was backed away at Syracuse and Rome 
so as to permit escape of the waters by the Mohawk Valley. This stage of 
“Low Drainage” produced the drainage lines across the Genesee Valley 
and through central New York. Subsequently the ice-front readvanced 
in the Syracuse-Utica district, lifting the New York waters to a high 
level, and then the glacier front on the Batavia salient backed away and 
permitted the Warren waters to take possession of central New York. This 
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Figure 1.—Downdraining Channels of the first Lake Warren 
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assumed a, not unreasonable, seesawing of the ice-front as between the east 
and west points of control. 

It is now believed that the history was more simple and the ice-front 
oscillation less multiple, but with two stages of Warren waters. 

It is now realized that the character and relations of the heavy drain- 
age, and of the episode of deglaciation and low drainage with its implica- 
tions, deserved more consideration and emphasis than was then given. But 
the writer’s particular interest at the time was directed to the eastward 
continuation of the drainage channels and their remarkable associated 
features. And Mr. G. K. Gilbert, who had collaborated in the study (see 
paper 22), had his own absorbing work elsewhere. 


First LAKE WARREN EXTINCTION 


The present, revised, theory postulates two lakes Warren, separated by 
an interval of deglaciation in the Ontario and Erie basins. And that 
the capacious drainage channels of the “Free Drainage” episode, mapped 
in paper 10, carried the outflow and downdraining of the first Lake 
Warren. 

The plate 2 in paper 10 (figure 1 of this paper) shows that the several 
intake channels northeast of Batavia and north of LeRoy have the proper 
position and altitude for outlets of the falling Warren. The first intake 
of the several scourways heads 4 miles northwest of LeRoy, with elevation 
of about 870 feet, only 10 feet below the beach of second Lake Warren 
immediately adjacent. Five other intakes in the district carry down to 
700 feet; while two scourways 7 miles east received the outflow at 680 
and 660 feet. Below this level the outflow control was assumed by the 
heavy channels east of the Genesee R’ er. These are also shown in figure 1. 

The very remarkable plexus of channels west of the Genesee River 
terminate in extensive deltas along the west side of the river. The im- 
pounded water in the Genesee Valley, the catchment for the deltas, has 
been named Lake Avon. Its level was determined by the east-leading 
channels through the villages of Rush, Mendon and Victor. 

The highest conspicuous stream-work, both east and west of the Genesee 
River, is on the scarp of the Onondaga limestone. Between LeRoy and 
Calendonia a wide belt of the limestone shows effects of tremendous 
flood. The effect of the glacial river and the subsequent flooding by the 
second Lake Warren, with the circulation under pressure of water in the 
underlying strata, produced solution of the gypsum; and this resulted in 
the very singular “sink ridges” abounding in the district; described in 
pages 12, 13 of paper 10. 
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A critical element, or feature, in the lake history must be not only the 
erosional channels of falling outflow, as noted above, but also the primary 
control. This appears to be found in the steep scarp, the limestone cliffs, 
about the salient north of Batavia (Albion sheet). Figure 2 pictures an 
example. 

The surface and wave-work of Lake Warren, as mapped in paper 3, 
lies along the crest of the Onondaga limestone scarp. In that paper, page 
274, it was described as follows: 

“It is an interesting fact that the altitude of the Corniferous escarpment 
and the surface of the Warren waters were nearly coincident. From Indian 
Falls around to northeast of Batavia, a distance on the shoreline of perhaps 
20 miles, the beach is usually on the crest of the rock ledge, as a ridge of 
nearly clear chert. . . . The best cliffs are south of Smithville; east of 
Daws Corners, and northeast of Batavia.” 


It must be apparent that these cliffs are not the product of the lake 
water which had its surface along or near the crest of the scarp. Further- 
more, the steep cliffs, with weak and fissured structure, were not produced 
by glaciation. At an earlier time the scarp had faced the onset of the 
ice-sheet and doubtless had suffered some erosion; but the cliffs as they 
now stand have later and other origin. : 

It is now believed that the cliffs in the semicircle of the Onondaga scarp 
were the product of the erosion and undercutting by the outflow which 
drained the first Lake Warren, the stream being held to its effective work 
by the thrust of the ice-margin. The lake was lowered, perhaps 20 feet 
or more, by the outflow squeezed between the ice-front and the limestone 
cliffs. 

The present aspect of the cliffs is helieved to be due to the wave work of 
the second Lake Warren, with its surface along or near the crest of the 
scarp. The talus slopes along the bases of the cliffs, and the smoothed 
grounds in front, are critical features. North of the scarp line there is 
no suggestion of stream-flow. The intake channels head some 7 miles 
east and northeast of Batavia. A lobation of the ice-front occupied an 
embayment 3 and 4 miles northeast of Batavia (see the Albion and Batavia 
sheets). 

The relative weakness of the shoreline features east of the Indian 
Falls (11 miles northwest of Batavia, Medina sheet) as compared with 
the beaches in the Erie basin suggests that the second Lake Warren was 
briefer in its life than the first lake, as mapped in paper 9. The con- 
trast was noted in paper 3, page 271, as follows: “With all allowances the 
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FiGurE 2.—Cliff in Onondaga Limestone 
ond triangulation station, U. 8S. Geological Survey, 8 miles northwest of Batavia. View looking south. 
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impression made on the mind is that of somewhat less duration of the 
beach-making forces in the Genesee region.” 

The present view also explains the discordance in elevation of the 
Warren beaches in the Erie basin, which was discussed in paper 9, pages 
64 to 74. The two lakes Warren had the same outlet control, through the 
Grand River Valley in western Michigan. Downcutting of the outlet 
explains the apparent duality of the Warren beaches west of Crittenden 
and Alden. 

Only two passes east of the Genesee River poured the first Warren 
downdraining into central New York. The wide pass at Victor (Canan- 
daigua sheet) has elevation 580 to 600 feet. The deep channel at 
Fairport, southeast of Rochester (Macedon sheet) has elevation 480 
feet. That ancient river flow through Victor is depicted in figure 1. 

At the time when the passes and channels were functioning, in the 
extinction of the first Lake Warren, the ice-sheet had long been removed 
from central New York, with opening of low drainage to the Mohawk- 
Hudson. See papers 6, 7, 10 and 11. 

The eastward glacial drainage described above is the earliest record 
of any such flow. Hence it is apparent that no low water could exist in 
the Erie-Huron basin, area of Michigan, previous to the downdraining of 
the first Lake Warren. The very high stream carvings in the Syracuse- 
Utica region, elevation over about 900 feet, were made at the beginning of 
this deglaciation episode. The channels below 900 feet were reoccupied 
during the downdraining of the second Lake Warren. 


DEGLACIATION INTERVAL 


In former writings the term “Free Drainage” was applied, the interval 
having been considered only with reference to the glacial lake history in 
central New York. The channel features which prove the very low 
drainage are mapped and described in papers 6 and 10. 

Three elements in the history are unknown. These are: (1) The dis- 
tance over which the ice-front withdrew; (2) the length of time 
covered by the ice removal; and (3) the amount of erosion in the Rome- 
Little Falls pass and the elevation above ocean of this outlet. The first 
two elements are and may remain indeterminate; but the third may be 
approximated, and will be considered below. 

Two elements are known. The col, divide or wasteweir at the head of 
the Mohawk Valley was much lower than it is now, and probably at or 
very near sealevel, and the waters of the Erie-Huron basin then escaped 
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eastward across the Rome divide as they did during the recent existence of 
Lake Iroquois. 

It appears probable that the flow of this deglaciation interval was the 
first river flow across the Rome-Little Falls divide. When the Quebec 
ice-cap invaded New York the continent stood very much higher than 
today, and the drainage of the Great Lakes area was probably westward to 
the Mississippi basin. 


RESTORATION OF LAKE WARREN 
RISE OF WATER TO THE WARREN LEVEL 


The deglaciation interval was terminated by the readvance of the 
glacier; and when the ice-front blocked the Rome pass the waters were 
again impounded in the Ontario basin. Another series of lakes by ice- 
advance were produced, rising to successively higher and higher levels 
until they attain the final level of the westward pass in Michigan, and so 
established the second Lake Warren. 

The records of these rising waters are not recognized, being obliterated 
by or confused with the work of both the earlier and the later lake series. 
But the culmination in the second Lake Warren is clear. 

The second Warren water overspread and deeply immersed the channel 
features in the Genesee Valley and central New York which had been pro- 
duced by the downdraining of the first Warren, depicted in plates 2 to 4, 
paper 10. 

SHORELINE OF SECOND WARREN 


The shoreline record of the second Warren is clear and consistent from 
Indian Falls eastward to near Canandaigua. The mapping has been noted. 
Through central New York, across the ridges and valleys of the Finger 
Lakes the sinuous line of the Warren surface plane has not been traced. 
The clearest and strongest of the shore features must be the deltas built 
by land drainage to be found along the ravines of the living streams. The 
Warren deltas must be discriminated from those of Lake Newberry, about 
130 feet higher, and from those of Lake Dana about 180 feet lower. 
The subsequent tilting uplift of the land must be figured for each point of 
latitude on the isobases of uplift. The figures for Ithaca are estimated, 
for Newberry, 950 feet ; Warren, 820; and Dana, 640. 

About the apex of the Indian Falls-Batavia salient, at Pond triangula- 
tion station of the U. S. Geological Survey, and westward, there is com- 
mingling of the work and records of the two Warren lakes. All of the 
beach phenomena east of Pond station are credited to the second War- 
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ren, with elevation 880 feet. West of that point the features pertain to 
both the first and second lakes. 


CORRELATING MORAINE 


The southern reach, or the readvanced position, of the ice-front while 
holding up the second Lake Warren is clearly marked. Three heavy 
kame-moraine areas are part of the moraine belt. Two of the kame areas 
are shown in figure 1. One of these is the very handsome group of tall 
kames known as the Mendon kames, now the Mendon Ponds Park, 10 
miles south of Rochester (papers 12, 13). 

The Mendon kames, like all true or typical kames, were piled in stand- 
ing water by subglacial outdrainage, probably under hydraulic pressure. 
They were built in Lake Warren. The high knoll, 160 feet in height, 
with elevation 840 feet, was yet 65 feet beneath the surface of Warren. 

The other area, shown on figure 1, is 7 miles east, and is the yet higher 
mass of the Turk-Baker Hills, lying close east of the Irondequoit Valley. 
Planation by Warren wave work, at 900 feet, occurs on the east flank of 
Baker Hill; while elegant deltas of Lake Dana, at 720 feet, lie on the 
southwest flank. This moraine mass is shown on both plates 2 and 3, 
paper 10. 

East of the Baker Hill 25 miles is the kame area of Junius Ponds, 
between Lyons and Geneva, also shown on plate 3. 

These three remarkable drift deposits were certainly built in Lake 
Warren, and probably in reentrants of the ice-margin due to the pro- 
fuse, concentrated subglacial drainage. They are massive elements in a 
very definite and extended moraine belt. Except for the crossings of 
the Genesee River and Lake Cayuga the moraine stretches unbroken from 
Lockport on the west to the Syracuse district on the east. The subdued 
morainic ridge north of Waterloo which correlates with the drumlin flut- 
ing on the north is mapped and discussed in the New York Museum 
Bulletin 111; also in the Proceedings of the Rochester Academy of Sci- 
ence; Volume 7, 1929. This moraine is mapped and described in a 
paper on New York moraines following this paper. 

In order to block the waters on the east at the Warren level the ice- 
front had to rest on ground in the Syracuse region with elevation over 
900 feet. All of the glacial stream channels in that district are mapped 
in plate 4, paper 10. The series of capacious cross-ridge channels, with 
cataract lakes, southeast of Syracuse, in the district of Jamesville, range 
from 1,000 down to 540 feet, and the lower features were given the 
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present form by the downdraining of the second Lake Warren. South- 
west of Syracuse the chanels begin at 900 feet. 

Yet higher channels are found southeast and east of Syracuse; on 
Eagle Hill, southwest of Chittenango, the summit channel is 1,100 feet. 
South of Canistota the top channel is 1,200 feet; and 1,300 feet on West 
Stockbridge Hill, south of Oneida. These high channels were probably 
cut by the early eastward outflow, of the local waters, preceding the inter- 
val of deglaciation. And the lower channels also probably were initiated 
by that early outflow. 

The high channels, noted above, are mapped in plates 4 and 5, paper 10. 


LATER GLACIAL LAKE SERIES 


FALLING CONTROL 


The lowering of the first Warren was long preceded by the retreat of the 
ice-front from the high ground in the district east of Syracuse, and the 
outflow was controlled by the ice-front on the Batavia salient and in the 
Genesee Valley. Hence none of the high channels in the Syracuse dis- 
trict have any relation to the first Warren. 

In direct contrast, the downdraining of the second Warren was con- 
trolled by the ice-front against the high ground south and east of Syra- 
cuse. The remarkable rock canyons and fossil Niagaras below about 
900 feet certainly had their final shaping, if they were not wholly cut, 
by the second Warren and post-Warren flow. 


LAKE DANA 


The lowering of the second Warren waters, immediately preceding the 
inauguration of Lake Dana, is recorded in the “Gulf” channels, east of 
Skaneateles, with intake elevations of 830 and 820 feet; and the close-set 
series of scourways 3 miles northwest of Marcellus, from 820 feet down 
(plate 4, paper 10). 

The capacious outlet of Dana is less than 1 mile south of Marcellus 
village; with the wasteweir in Onondaga limestone, at elevation 690 feet. 
This is the only recognized pause in succession to the second Warren that 
has been correlated with the eastern outflow. 

The wave work of Lake Dana is abundant through central and western 
New York; always at 180 feet below the Warren beach. The first dis- 
covered beach, west of Geneva, is mapped in paper 3. Elegant deltas 
lie on the southwest slope of Baker Hill with elevation 720 feet. These, 
with numerous notching on the taller drumlins, at about 700 feet, are 
shown in figure 1. The Dana features in the Erie basin were briefly 
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noted in paper 9. Uptilting of the land has caused the Dana shoreline 
to pass under Lake Erie in the vicinity of Westfield. 

The well-known and unusually excellent frontal moraine at Rochester, 
locally known as the Pinnacle Range, being a stretch of the Albion- 
Rochester moraine, was built in Lake Dana. It has been described in 
papers 14 and 15, and in the moraine paper following this. 


LAKE DAWSON 


The falling water of Lake Dana found egress from the Genesee Valley 
through the broad pass at Victor, 17 miles southeast of Rochester, with 
elevation 580 feet. But with the lowering of Dana, and the creation 
of Lake Iroquois in central New York the waters of the Genesee Valley 
and the west portion of the Ontario basin escaped eastward through the 
pass at Fairport, and the valley through Palmyra, Lyons and Clyde, into 
the early Lake Iroquois. The features are shown in plate 3, paper 10. 
The water held at this level, 480 feet, was relatively short lived, and its 
inscriptions weak. 

It is probable that both the victor and the Fairport passes had been 
occupied, if not primarily cut, by the escape from the Genesee Valley of 
the copious outflow of the first Warren. 


LAKE IROQUOIS 


The life history of this great lake, the last of the New York glacial 
waters, is too well known to require description here. 
GILBERT GULF 
This water, held at sealevel in the Ontario basin, has left good beach 
record, described in paper 8 and later writings. 
LAKE ONTARIO 
This youngest physiographic feature in eastern America was born when 
the tilting uplift of the continent raised the Thousand Islands out of 
the sealevel, Gilbert Gulf, water. Isolated in the Ontario basin, the 
differential uplift has raised the lake to its present level of 246 feet. 


Summary OF LAKE SUCCESSION IN CENTRAL NEW YorK 
FIRST DESCENDING SERIES 


Genesee Valley Lakes.—With various outlets, south, west, east; and 


with elevations from 2000 down to 1000 feet. 
Lake Newberry.—In central New York; outlet on the south, at Horse- 


heads-Elmira; with outlet elevation 900 feet. 
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Lake Hall.—Its outlets, westward, at and south of Batavia, with eleva- 
tions from 1000 down to 900 feet. 

First Lake Warren.—Only the downdraining flow in central New York, 
as described above. Corresponds to Vanuxem of former writings. 

Predecessor of Lake Dawson.—Outflow at Fairport, eastward, as de- 
scribed above for the recorded lake. 

Predecessor of Lake Iroquois.—Outlet at Little Falls, as described be- 
low. Elevation near sealevel. 

One element of uncertainty relates to the extinction of Lake Newberry. 
If Newberry was drained eastward then Lake Hall was confined to the 
Genesee Valley and was only the latest of the Genesee Valley series, but 
if Newberry drained westward, into Lake Hall, then the latter also oc- 
cupied central New York; as was postulated in former writings. 


ASCENDING SERIES 


Lake Vanuxem.—A general name for the rising waters having eastward 
escape. The records effaced or obscured by the outflow of the second 
descending waters. ‘The culmination was in the second Warren. 

Second Lake Warren.—The overflow was westward, like the first War- 


ren. 
SECOND DESCENDING SERIES 


Second Lake Warren.—Control of the downdraining was on the ground 
south and southeast of Syracuse. 

Lake Dana (Taylor’s Lake Lundy).—Outlet at Marcellus, 690 feet. — 

Lake Dawson.—Outlet at Fairport, southeast of Rochester, 480 feet. 

Lake Iroquois.—Near sealevel at first, with later escape at Rome, the 
channel now 420 feet; the surface level now 460 feet. See figure 3. 


Low ALTITUDE OF THE ONTARIO BASIN 
DISASTROPHIC FACTOR 


The deformation of the glacial lake shorelines, especially of Lake Iro- 
quois, and the shorelines of the Hudson-Champlain estuary (paper 18), 
prove the tilting uplift of the New York and New England area, with 
approximate measure, since the burden of the ice-cap was removed. 

The map of continental uplift published in papers 16 to 18 is certainly 
quite accurate for the Ontario basin since the initiation of Lake Iroquois. 

Using the isobases of uplift in that map, along with the well deter- 
mined beach elevations of Iroquois and Gilbert Gulf, it is possible to 
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analyze the movements and amount of rise at various stations ; as tabulated 
in the former papers. 

The following table is an abbreviation of the previous tables, using 
only three stations. The datum plane in this calculation is the surface 
of Lake Iroquois, shown by bars and spits west of Rome; as 460 feet over 
ocean. The present divide south of Rome is only 420 feet. The inter- 
glacial outflow was far below, and near sealevel. 


ALTITUDES AND UPLIFT 


Rochester Lewiston Toronto Rome 


Rise during Iroquois time............. 105 100 100 180 
Rise since Iroquois time............... 145 95 160 170 
Elevation of the Iroquois plane before 

Flooding by the excess of rise of outlet rt) 80 80 0 
Present Iroquois elevation........... -. 435 385 450 460 

PRESENT ELEVATIONS OF THE LAKE PLANES 


The vertical interval between Dawson and Iroquois at Rochester is 45 
feet. But at Lewiston and Toronto the Iroquois flooding is 5 feet more 
than at Rochester, hence the vertical interval is 5 feet less. 


LAND RIseE BEFORE Iroquois TIME 


Thus far in this study the matter of elevations has been referred to 
Lake Iroquois data, but the present investigation is concerned with the 
interval of deglaciation, previous, we know not how long, to the birth of 
Lake Iroquois. 

It is probable that the river which carried the ultimate escape of the 
Ontario basin waters found lower passage than did the subsequent Glacio- 
mohawk River, because some rise of land probably occurred during the 
slow removal of the thin margin of the ice-sheet and the entire removal 
during the deglaciation interval. 

If the deglaciation interval was long, in geologic significance, and the 
ice-sheet far removed, it would appear that New York and the Ontario 
basin should have experienced some land uplift during that stage. More- 
over, it is reasonable to believe that any subsequent depression of the land 
under the readvance of the ice-sheet, reaching only a few miles south of 
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Syracuse and Rochester, did not efface the previous rise. Hence it may 
be assumed that the outflow of the Ontario basin waters was lower dur- 
ing the stage of deglaciation than during the subsequent time of Lake 
Iroquois. 

It is recognized that the depression of the earth’s surface beneath the 
ice-cap was accompanied by a lowering of the ocean surface due to the 
storage of water in the continental glaciers. The subject.was briefly dis- 
cussed in paper 17, pages 205, 206; and is recently treated fully by Dr. 
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Figure 3.—Postglacial Land Uplift of New York 


R. A. Daly, in American Journal of Science, volume 10, 1925, pages 281 
to 313. But the relative position of the ocean surface has significance 
in the present study only in relation to the possibility that the Toronto 
“Tnterglacial” deposits were laid in oceanic water, instead of in a lake. 
This low position of the Ontario basin and its waters, lake and river, is 
independent of sealevel. But the actual position of the ocean surface in 
relation to the land, as the ice-front finally receded, is clearly recorded 
in the shoreline features in the Hudson-Champlain and Saint Lawrence 
valleys, and along the eastern coasts. 
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Divipe at RoME AND LITTLE FALLS 


The surface plane of Lake Iroquois in its closing phase has elevation 
today at Rome, N. Y., of 460 feet above tide. Deducting the amount 
of land uplift since the early stage of Iroquois, 350 feet, gives 110 feet 
as the initial altitude of that closing plane, but the 110 feet was not the 
actual height above sea of the primitive Iroquois. This was determined 
by the elevation of the pass at the head of the Mohawk Valley when and 
as Lake Iroquois found it. The elevation figure of 110 feet is the hypo- 
thetic plane related to the divide or wasteweir at Rome as the Iroquois 
outflow deserted it. The primitive Iroquois was near, or perhaps even 
below, the present sealevel, as will be shown below. 

It has long been recognized that in preglacial time the drainage divide 
in the Mohawk Valley was on the crystalline rocks at Little Falls. The 
portion of the valley above, northwest of, Little Falls was drained to the 
great river in the Ontario valley. Hence it appears quite certain that 
the early river flow through the Mohawk Valley, the Glaciomohawk and 
Iromohawk rivers, headed at Little Falls, while the valley on the north- 
west was occupied by standing water, until it became filled with drift. 
The heavy volume of detritus swept in by the glacial drainage and by 
West Canada Creek changed the condition from lacustrine to fluviatile. 

The deep lake and stream deposit at Rome beneath the present divide 
is evidently the delta built of coarse material by the copious drainage 
from the north (see plates 2, 15, 16 in paper 11). And during the life 
of Iroquois the detrital contribution by the upper Mohawk appears to 
have been sufficient to hold the head of river flow at Rome. Today a very 
little trenching would divert the flow of the Mohawk River westward 
into Wood Creek and Lake Ontario. 

The physiography of the Mohawk Valley has been described by Profes- 
sor A. P. Brigham in paper 24. The present eroded channel at Little 
Falls, on crystalline rock, is about 360 feet elevation, and the top of the 
gneiss is 376 feet. At the fault-line, below the village, the crystalline 
rock barrier stood, before any erosion, at 440 feet. The amount of lower- 
ing of the primitive divide before it was swept by glacial water is un- 
known, and for the present purpose the figure of 376 feet will be used. 


DRAINAGE CORRELATION 


Conclusive evidence of the very low elevation of the Mohawk outflow is 
found in the glacial drainage channels which traverse the city of Syra- 
cuse. These are described and mapped in paper 6, plate 8; and plate 4 
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in paper 10, The capacious scourway which extends from the Onondaga 
Creek in the western part of Syracuse eastward to East Syracuse pro- 
vided level grade for 5 miles of the Erie Canal and the New York Cen- 
tral and West Shore railroads. The surface of this wide stretch has 
elevation a few feet over 400. The filling of the channel is topped with 
6 to 12 feet of peat and marl. 

Fortunately, a line of twenty borings along the right-of-way of the 
West Shore Railroad, which crosses the channel at East Syracuse, has 
revealed the depth of filling and the elevation of the rock bottom.? Near 
Onondaga Creek five borings were in the range of the very deep Tertiary 
valley of the ancient Onondaga, and found rock from 187.8 to 288 feet 
over ocean. In the eastern 4 miles of the channel twelve borings lo- 
cated rock at elevations that average 367.5 feet; the extremes being 344, 
380 feet. One boring at East Syracuse, on the south edge of the chan- 
nel, failed to find rock at 327 feet, and two other borings in the vicinity 
failed at 347 and 372 feet. 

For the present purpose it will be fair to use the figure 370 for the 
present elevation, in feet, of the bottom of the great glacial river at the 
beginning of the deglaciation interval. And comparison must be made 
between this channel and the Little Falls divide, taken as 376 feet. 

The uplift at Rome and Little Falls since early Iroquois time is 350 
feet (figure 3). This carries the Little Falls divide down to only 26 
feet over present sealevel. The uplift at Syracuse is 300 feet, which makes 
the elevation of the channel in early Iroquois time about 70 feet. 

The distance from Syracuse to Rome is 37 miles; and from Rome to 
Little Falls 33 miles; a total of 70 miles. The river which carried the 
outflow of the Ontario basin at the beginning of the interval of degla- 
ciation had a fall in the 70 miles, from Syracuse to Little Falls, of only 
(70 —26) 34 feet; an extremely low gradient. ‘Two suggestions may be 
offered: one that the river was confluent with sealevel waters in the 
Mohawk Valley; the other that either the Syracuse channel was higher 
than the above figure, or Little Falls was lower. But the Little Falls 
divide can not be depressed much without immersing it in the sea. 

Of course the figures as used above are not precise, but they are ap- 
proximate and must be accepted, subject to revision. The most uncer- 
tain element is the amount of continental uplift. The isobases in figure 3 
have been well determined and check with all facts of observation. 


2 The data and explanation have kindly been supplied by Mr. W. W. Cronin, Deputy 
City Engineer of Syracuse. 
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Figure 4.—Lake Levels in Erie and Ontario Basins 
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CORRELATION WITH LAKE REcORDS IN THE Erte Basin 


In New York the shore inscriptions and the outlet channels of the 
glacial lakes are quite distinct, and the succession in space and time are 
clear. Therefore it should be expected that the inscriptions of the waters 
in the Erie-Huron basin, confluent with the New York waters, would be 
found in clear accord, but the interpretations have not agreed. The 
present recognition of two lakes Warren demands a fresh comparison of 
the Erie-Huron records with those in New York. 

In publications on the glaciology of the western area, especially by 
Frank B. Taylor, the glacial lake features in Michigan-Indiana-Ohio terri- 
tory have been described in detail. A comprehensive summary is found 
in paper 21. The succession and elevation of the beaches, as determined 
by Taylor, is graphically shown in his diagram, on page 397. This dia- 
gram is essentially reproduced in the accompanying figure 4. It is ap- 
parent that the western features are interpreted as the record of frequent 
recessions and readvancements of the glacier front. The New York records 
appear to indicate only one major retreat and readvance during the clos- 
ing stage of glaciation, and that being the deglaciation interval between 
the first and second lake Warren. Present discussion of the subjects 
may be covered in the following description of the diagrams in figure 3. 

The A diagram, figure 4, is copied from Taylor’s, and shows his inter- 
pretation of the succession of the lake levels, down and up, in the west 
end of the Erie basin. It implies, as noted above, a complicated history, 
supposedly due to oscillations in the front of the ice-sheet. The important 
element for present consideration is the succession and the spacing of 
the several lake shores, Whittlesey, Arkona, Wayne and Warren. 

Diagram B, figure 4, gives the lake succession and spacing throughout 
the stretch in New York facing Lake Erie.. Lake Maumee did not reach 
into New York. Here the record begins with the Whittlesey shoreline, 
which is a well-developed, single embankment bar; apparently built as 
the culmination of a rising water level. In the latter respect it agrees 
with description of the beach farther west. 

The vertical spacing of 50 and 20 feet, shown in diagram B, is fairly 
constant in New York. The precise figures are on record in paper 9, 
page 65. 

The quite uniform spacing between the Whittlesey and the lower War- 
ren beaches, of 70 feet, suggests either of two explanations. One, that 
there was no appreciable deformative land uplift to close of Warren time, 
and that the present slant, occurring later, tilted all of the beaches as a 
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unit, or, which appears more probable, that the uplift movement over 
the large area including the lake outlets preserved the practical paral- 
lelism of the several lake planes. In paper 21, plate 18, is a diagram 
by Leverett that shows the amount of tilt, increasing from about 1 foot 
at the Pennsylvania line to 2 feet, or more, at the northern point—Pond 
station. 

In this B diagram the Whittlesey beach is adjusted in elevation to the 
plane of Whittlesey in diagram A. It is apparent that the beaches in New 
York do not correspond in spacing to those in the west end of the same 
lake basin. Also that the Arkona is evidently wanting. These discrep- 
ancies have not been sufficiently recognized. 

The matter of the Arkona was considered at length in paper 9, pages 
64 to 74. Taylor continues to regard his Arkona as the equivalent of 
the writer’s upper Warren; and such relation is held in paper 21. This 
large discrepancy within the one lake basin, and in similar direction, is 
proof of some mistake, either in measurement or in interpretation. Be- 
sides the difference in the spacing of the shorelines other difficulties are 
found, to be stated below. 

Diagram C, figure 4, gives the history of the downdraining of the first 
Lake Warren in vertical spacing of the principal intakes and channels. 
The point taken for the diagram is the most northerly point of the 
Warren shore, at the Pond triangulation station, 8 miles northwest of 
Batavia; from which point the first lake was drained eastward. It is on 
‘the Medina topographic sheet, and is mapped in paper 3. 

A study of the northward uptilt of the upper Warren bars carries the 
projected lake plane to 900 feet at Pond station. In diagram C this 
level of 900 feet is adjusted to correspond in level with Taylor’s Warren 
in diagram A. It should be understood that, due to land uplift, the 
actual elevation is very different. 

In New York the first Lake Warren was the immediate successor of 
Lake Whittlesey, according to the writer’s reading of the records. There 
is o recognized evidence that Lake Warren was preceded by any lower 
la'e. The well-marked and abundant records of the glacial waters in 
the Genesee Valley do not suggest any low, eastward drainage previous 
to the first Lake Warren. No drift-blocked channels or other features 
have been noted that hint at pre-Warren downdraining. Ail of the in- 
scriptions by local waters appear to blend directly into the first Warren 
records. 

Comparison of diagrams A and C suggests the possible correlation of 
Taylor’s Wayne beach with the second Warren, in general position. Being 
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slightly lower than the second Warren it may be that it represents the 
lower first Warren while the outflow was held against the limestone 
scarp, at Pond and other points (figures 1 and 2). 

The Grassmere and Elkton beaches of diagram A would seem to corre- 
late with the early channels of Warren downdraining, some 8 miles east 
and northeast of Batavia, as shown in figure 1. When these channels 
were mapped, in 1906, there was no attempt at any correlation with the 
Erie basin waters; but intensive study is necessary to harmonize all the 
features. 

In diagram D, figure 4, the second Warren, with elevation of 880 feet, 
is adjusted to lower Warren in diagram C. Across the Genesee Valley 
the second Warren beaches are all single bars, apparently built by rising 
and short-lived stationary waters. The beaches lie in the general direc- 
tion of the isobases of the land uplift, and with elevation of 880 feet. 
And that figure is approximately the theoretic at Pond station of the 
first Warren when lowered by erosion of its outlet, in Michigan, just 
before its extinction. The plane at 880 feet lies against the rock cliff at 
Pond. 

With probably rapid rise the second Warren waters swept over all the 
ground in central New York that lay beneath its summit level. If the 
Grassmere and Elkton beaches were formed during the downdraining of 
the first Warren then they would be wave washed and subdued by the 
second Warren. 

The life of second Warren at its culmination was relatively brief, with ° 
correspondingly weak shore records. 

The control in the downdraining of second Warren was in the Syra- 
cuse-Oneida district. The only pauses thus far recognized are those 
of lakes Dana and Dawson. Intensive study and precise measurements 
of stream deltas on the valley slopes in central New York, above and below 
the Dana level, may discover briefer pauses in the falling water surface. 

One element in the lake history has not been sufficiently recognized ; 
the fall of the first Warren surface by erosion of the outlet during the 
life of the lake. This is an important matter, and appears to give the 
explanation for the termination of the upper Warren bars in the vicinity 
of Alden and Alden Center. 

Lake Whittlesey was slowly extinguished while the waning ice-front 
lay in the neighborhood of Marilla, 17 miles east of Buffalo. At that time 
the Grand River outlet in Michigan was relieved of its ice load and the 
Whittlesey water fell to the upper Warren level. In other words, first 
Lake Warren was born while the ice-front was near Marilla. 
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From Marilla to Pond station in direct line is 20 miles. Erosion of the 
Warren outlet began, of course, with the initiation of the lake, and the 
downcutting continued during all of the time required for the recession of 
the ice-front over the stretch of 20 miles, to Pond. Dr. Leverett has 
recognized intrenching of the outlet to the depth of 20 feet, and that 20 
feet is the interval (diagram B) between the upper and lower series of the 
first Warren bars in New York’s portion of the Erie basin. Furthermore, 
that 20 feet is the difference at Pond station between the extended plane 
of the upper Warren, to 900 feet, and the level of the second Warren, 880 
feet. 

The writer’s diagnosis of a bar at 887 feet on the scarp at Pond should 
be rechecked. Yet the storm waves against the cliff, of either the falling 
first Warren or the full height second Warren might reach and pile the 
easily shifted chert. 

The good development in the Erie basin of the wave work of lower 
Warren does not perfectly agree with the single-bar production east of 
Pond, in the Genesee Valley. The suggestion is offered that the lower set 
of the bars, from Pond westward, were largely built while the outflow of 
the lowered first Warren was held, for an indefinite time, against the cliff 
at Pond (figure 2) and other salients along the Onondaga scarp. 

We have here a problem in “pure” science, with no practical value or 
economic interest. It will not matter to us five hundred years hence ; but 
just now, and here, it is an intellectual exercise which serves to take our 
minds from the perilous social and economic conditions of today. 


SUMMARY 


The ancient river channels extending from the west side of the Genesee 
Valley eastward to Rome, and mapped in the New York State Museum 
Bulletin Number 127, were initiated at the margin of the receding front 
of the Quebec glacier; and represent the early phase of a stage of ice 
removal or deglaciation of unknown extent and duration. 

Those glacial channels west of the Genesee Valley, and the lowest ones 
across central New York, were carved by the copious outflow of a first 
glacial Lake Warren, which was restricted to the Erie-Huron basin. 

The deglaciation stage was closed by a readvance of the ice-sheet in 
the Rome-Oneida district which impounded another series of glacial 
lakes, with rising levels, culminating in the second Lake Warren. The 
conspicuous shore features mapped in the Bulletin 127 are attributed 
to this second Warren. 
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An extended morainic belt, which includes the massive kame areas, 
Mendon, Baker Hill and Junius, was built in submergence in the second 
Warren water, and marks the readvanced position and standstill of the 
ice front which held the lake to its outflow across the State of Michigan. 

The downdraining of the second Lake Warren was controlled, like that 
of the series of New York lakes preceding the first Warren, by the slow 
recession of the ice-front in the Syracuse-Oneida district. Lake Dana, 
180 feet beneath the Warren plane, is the record of a pause in the lowering 
waters. 

The remarkable cataract, or plunge-basin, lakes southeast of Syracuse 
are a product of the glacial river flow eastward across the outcrop of the 
Onondaga limestone. 

The present low elevation of the ancient channels at Syracuse and east- 
ward, considered in connection with the amount of postglacial land uplift, 
indicates that the terminus of the glacial river flow, probably at Little 
Falls, was near or at present sealevel, but the ocean level in the stage of 
deglaciation was probably below the present level. 

The measured postglacial land uplift is only the rise since the begin- 
ning of Lake Iroquois, but there was probably some rise during the pre- 
ceding deglaciation stage. 

If the glacial lake history in New York is here correctly translated then 
the contemporaneous lake history in the Erie-Huron basin must be in 
accord. 
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INTRODUCTION 


This writing is the outgrowth of an attempt to produce a correct map 
of the western New York moraines. The map in later use, figure 2, is 
fanciful in its exaggeration. This new map, figure 1, is not beautiful, but 
truthful. It tells nothing but the truth, but fails of necessity to tell all 
of the facts relating to terminal drift. The latter is practically impos- 
sible, for no one would tramp over all the acres of the State and with 


1 Manuscript received by the Secretary of the Society July 25, 1982. 
(627) 
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unfailing discernment discriminate the weak and obscure frontal drift 
from the other classes o. ice and water deposits. 

We know that the receding and oscillating front of the waning glacier 
swept over every foot of ground north of the terminal moraine. But the 
innumerable lines of the ice-front positions have little scientific impor- 
tance, although of possible local interest. The more massive and con- 
tinuous morainic belts are of geologic value, in marking the standstills 
of the ice-sheet margin and as probably correlating with contemporary 
positions of the ice-front in distant provinces, especially the Great Lakes 
area and the Mississippi Valley. 
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FicureE 2.—Old Map of New York Moraines 


Moraine deposits are commonly the most fragmentary and indefinite 
features in the field, and often inconclusive for description. The most 
that can reasonably be expected is location of the principal lines of the 
ice-front lingering and deposition, with map depiction in generality. 

The literature on New York moraines is relatively scanty. The only 
sustained description with adequate mapping is in paper 7 of the appended 
list of writings. In that massive and scholarly volume Dr. Frank Leverett 
described the recessional moraines in the Erie basin and on the Ontario 
plain west of the Genesee River. The papers 21 to 23 are too largely 
theoretic. 

An interesting element in the New York glacial history is the successive 
ice-tront positions which controlled the extended series of the ice-im- 


ic 


| 
de 
lit 
no 
we 
va 
lat 
tai 
m 
ap 
Ye 
lev 
hil 
she 


GENERAL DESCRIPTION 629 


pounded or glacial lakes and their exceedingly varied outdrainage. 
These features have been described, with detailed colored maps in papers 
56 to 58, 60, 61, 66. 

Some problems in the mechanics of morainal deposition and of the 
ice-front behavior are considered in the description of the moraine belts. 


GENERAL DESCRIPTION 


The term “moraine” originally defined an accumulation of ice-borne 
rock-rubbish dropped at the terminus, or along the sides, of an Alpine 
glacier. In American usage the term has been carried over to the frontal 
deposits laid by the continental ice-sheets. 

The typical moraine is “till,” unassorted materials, deposited directly 
by the ice, and usually on open ground. However, in New York most 
of the more massive deposits were laid in water; and consequently the 
water-laid moraines are partly, or wholly, assorted materials, gravel, sand 
or even silt. 

Knolls of sand and gravel classify as “kame”; and hence the central 
New York moraines are properly called kame-moraine. However, the 
term moraine as here used refers not merely to the composition and 
structure of the deposits but to their position relative to the producing 
ice-sheet. Whether till or kame in composition the moraines were frontal 
or peripheral deposits. In this genetic respect they contrast with drum- 
lins, which were built up beneath the ice-sheet and with their axes parallel 
with the direction of ice movement; while the moraines are transverse. 
The drumlins stand at right angles to the correlating moraines (figure 6). 

Lateral moraines, characteristic of alpine or mountain glaciers, were 
not produced by the widespread sheets of the continental glaciers. Any 
weak deposits left alongside the ice lobations in the larger south-leading 
valleys, especially the Finger Lakes valleys, may simulate and suggest 
lateral moraines, but should not be so called. 

The term “lateral” has established usage, as applied to stream or moun- 
tain glacier, and should not be applied to the sidelong or flanking 
moraines left by lobations or tonguelike projections of an ice-sheet. An 
appropriate term is “flanking” moraines. 

It is probable that valley lobations of the waning ice-sheet in New 
York, always faced by impounded water, have been exaggerated, and for 
reasons stated below. In an earlier stage of the glacier and at higher 
levels prolongations of the ice-border moved, or rested, between the great 
hills. But the multiple lines of drift as diagnosed and mapped in paper 13 
should be reviewed. 
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It is an interesting fact that the small and short-lived mountain glacier 
in the Catskills built evident terminal moraine but no recognized lateral. 
See papers 14 to 19, 52. 

The geologic significance of terminal moraines is only as marking suc- 
cessive lines of ice-front positions. Morainal accumulations of some 
volume, whether ice-laid till or water-laid kame, register a stationary or 
quiescent condition of the ice-margin. This may be only a pause in the 
general recession of the ice-border, or it may be a standstill after a retreat 
and readvance. An illustration of extended retreat with subsequent re- 
advance is described below, as the Deglaciation interval. And an excel- 
lent example of minor oscillation of the ice-front is found in the Rochester 
moraine (the Pinnacles Hills), where massive and very bouldery till over- 
lies deep, horizontal lake sands (figures 8, 9, pages 646-648). The number 
5 moraine, described below, is an illustration of readvance of the ice-sheet, 
following very extended retreat. Certainly this moraine, and probably 
others in the map, correlate with Leverett’s stages in the Wisconsin 
Epoch, based on morainic features in the Great Lakes area (U.S. Geologi- 
cal Survey, Professional Paper 154 A, 1929, pages 1 to 72). 

With exception of the “terminal moraine” all of the New York 
moraines are necessarily retreatal or recessional moraines. Of course they 
were terminal at the time of construction. The ultimate frontal moraine, 
the terminal, is massive on Long Island, and also in some stretches in 
New Jersey and Pennsylvania. But on the highland about the head- 
waters of the Genesee River it is recognized only in the valleys. In New 
York the ice-front in its extreme reach had a large reentrant, about the 
northward bend of the Allegheny River in Cattaraugus County, and left 
no evident moraine. On the Olean quadrangle Dr. Leverett long ago 

traced the approximate limits of the thin and ineffective ice-sheet, where 
it lapped about the hills and on the valley sides; and the Olean sheet 
with that mapping is in the cover-pocket of the Monograph 41 (paper 7). 
In that publication Leverett included five maps of moraines west of the 
Genesee Valley, which are largely followed in the present map. 

In the western half of the State, with its moderate topographic relief, 
the principal ice-front positions may be approximately mapped, but that 
is quite impossible in the eastern part of the State. The Catskill and 
Adirondack massifs emerged as islands in the sea of ice, and the ice- 
margins were enlarging circles or curvatures about the exposed and very 
irregular land areas. The weak drift masses are described in papers 
noted below. 
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On all of the territory with high relief the drift is scattered and patchy, 
and rarely can surely be tied into continuous allineation. In the south- 
leading valleys, as the northern tributaries of the Susquehanna and Alle- 
gheny rivers, the glacial drift was mostly seized by the streams which 
drained the ice-sheet, and the detritus was built into the valley plains by 
the glacial flood, or carried to Chesapeake Bay and Gulf of Mexico. 

The Mohawk Valley was occupied by lakes in which the ice lobations 
drowned their drift loads (paper 61). The Hudson-Champlain Valley 
was deeply submerged in a marine estuary (papers 61, 62, 66), and the 
drift was dispersed. In paper 38, J. B. Woodworth described some frag- 
mentary drift, and some “ice contacts,” but no definite moraines. The 
ice tongue in the great valley was continuously faced by deep water, and 
the fine material released by the ice was swept away, while the coarser 
drift was buried under the subsequent deposits of sand and clay. 

Either side of the Hudson estuary, on the higher and exposed lands, 
the irregular surface with high relief prohibited heavy accumulations and 
continuity of frontal drift; while the lateral drainage along the sides of 
the ice lobe swept away the marginal drift, to gather it as water-laid 
materials in the local ponding in the side valleys. 

The only continuous belts of moraine which are fairly traced are 
shown on the map. On the lower ground in the Erie basin the later 
deposits of frontal drift were mostly dissipated by the long-lived lakes 
Warren and Dana. A worn-down remnant is seen in the Seneca- 
Ebeneezer ridge of till, in the south edge of Buffalo, once mistaken for 
a lake embankment. In the Ontario basin the glacial lakes, especially 
Iroquois, were destructive. In the Sodus Bay embayment of Lake Iro- 
quois all moraine drift is leveled or buried. East of Lake Ontario the 
waves of Gilbert Gulf were effective. 

The most effective removal of the frontal drift was by the ice-border 
(or proglacial) drainage. On the land slopes facing northwest and north 
the rivers which carried the overflow of the glacier-impounded waters 
across the intervalley spaces also carried along all drift within their 
grasp. This removal of the frontal drift was especially effective on the 
low ground swept by the downdrainage of the First Lake Warren, at 
the beginning of the deglaciation or “free drainage” interval (paper 60). 
Along the outcrops of the Onondaga limestone the rock is swept bare in 
long stretches, a good example being from LeRoy eastward to Caledonia. 
In the Syracuse district, and eastward, the glacial drainage has left but 
scanty drift. 
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The ice-border drainage in the Erie basin is mapped in paper 58; in 
the Mohawk and Black valleys in paper 61; and in the Saint Lawrence 
and Champlain valleys in paper 66. The stream channels mark succes- 
sive positions of the ice front more definitely than the moraines. 


THE Map 


This map covers the western half of the State, which practically is all 
of the territory with definite morainal belts, except Long Island, and 
perhaps the Saint Lawrence Valley. 

The Long Island features are described in papers 1, 12, 26, 64. The 
drift of Staten Island is described in papers 25, 33. Suggestions for 
locating ice-front positions along the southeast slope of the Saint Law- 
rence Valley may be found in the plates 11 to 17 in paper 61, and plates 
1, 2, in paper 66. 

The spotty appearance of the map is chiefly because of the fragmentary, 
scattered and indefinite character of many of the frontal drift deposits, 
and partly because of lack of knowledge. No interpolations are made. 
Very careful and conscientious work, with no bias in theory, may connect 
some detached and isolated masses. But many patches of drift by 
frontal deposition, and therefore “moraine,” never had any connecting 
lines of drift; being sporadic, due to special local conditions of the land 
surface, the ice and the drainage. This is strikingly illustrated in the 
Valley Heads moraine, figure 3, described below. 

Theoretically, the positions of the ice-border at its times of stand- 
still should be continuously marked by lines of drift massing, frontal 
moraines. But the physical processes have been delinquent. In its rear- 
ward recession the glacier margin swept over every rod of ground north 
of the terminal moraine; but the recession was very irregular and with 
very different behavior in the long stretches of the ice-front. In con- 
sequence the frontal drift is broken, patchy, and variable in both mass, 
form and composition. Some of the particular reasons for this variability 
may be enumerated. 

(1). The load of drift was not uniformly distributed in the ice-sheet ; 
and in consequence (2) could not be equally distributed along the ice- 
border. (3). The more vigorous flow was in the valleys, and the heavier 
deposits were dropped at the end of the valley lobations. (4). The glacial 
drainage was concentrated, with rare exceptions, in the valleys. (5). 
On the intervalley ridges the ice-border was thinner, with reentrant 
angles, and the drift deposits scanty. It is very difficult, and often im- 
possible, to trace connection of the valley kame-moraines across the inter- 
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(6). On the ground above standing water the ice-border 


streams in a multitude of localities brushed away the drift into receiv- 
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Figure 3.—The Valley Heads Moraine 


ing lake waters. 


(7). On lower ground where the ice-front was faced 


by glacial lakes, or a marine estuary, the varying depth of water, the 
varying exposure to waves and currents, along with the varying depth 
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and behavior of the marginal ice, produced exceedingly variable drift 
deposition. 

It must now be evident that in any area of considerable vertical relief 
the mapping of morainal lines is very indefinite and unsatisfactory labor. 

The little map of moraines used in former writings, and reproduced 
here as figure 2, was borrowed from R. 8. Tarr’s paper 46. It is ap- 
parent that in such a small map it is impossible to portray moraines 
without such vast exaggeration as to be very misleading. 

The early maps of western New York moraines were by Frank Leve- 
rett, in his U. 8. Geological Survey Monograph 41 (paper 7). In four 
maps in color he deliniated the moraines west of the Genesee Valley. 
The map here presented includes Leverett’s moraines with slight ex- 
ception. 

Heretofore no serious attempt has been made to map the moraines 
east of the Genesee River. The erroneous mapping in papers 21 to 23 
have only confused the subject. For much of the eastern territory the 
topographic sheets have supplied the data for this map. Of course this 
is incomplete, because much of the morainal topography is not represented 
by 20-foot contours. Careful field work may connect some of the isolated 
areas of the map. At least these suggest the intermediate localities for 
examination. 

This map is without any preconceived theory as to the locations and 
spacing of the ice-front positions. It indicates only a few more definite 
and recognizable belts of morainic drift. These should have relation to 
the stages in the Wisconsin Epoch, as determined by the moraines in 
the Great Lakes area (see papers by Leverett, especially the U. S. 
Geological Survey Professional Paper 154 A, 1929, pages 1 to 72). 

The wide and empty expanse between moraines 3 and 4 might reason- 
ably suggest the probability of an intermediate moraine. But the fairly 
smooth surfaces of the intervalley ridges of the Finger Lakes area do 
not carry, according to the topographic sheets, any suggestion of moraine. 
However, this space has not been carefully examined with occurrence of 
moraine drift in mind. It is possible that an enterprising student may 
be able to locate one or more weak and discontinuous lines of drift. But 
it will require conscientious work with a minimum of preconceived 
theory. 

In the diagnosis of moraine drift not only discrimination is required 
but sincerity. The drift mantle frequently carries scattering and iso- 
lated masses of drift which have no perceptible relation to any definite 
line of moraine. With a theory for the spacing and positions of the 
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moraines one may usually find enough rough spots or stony patches, or 
a few boulders, to satisfy his preconceived notion. 

In the study of the topographic sheets, and perhaps even in the field, 
some areas of peculiar erosion may be mistaken for moraine topography. 
Such example is found in the eroded silts on the south side of the 
Mohawk River at Ilion and Mohawk, shown on the Utica sheet, and 
noted in paper 57, page 35. 

Along the western edge of the Adirondacks, especially in Lewis and 
Herkimer counties, the multitude of ice-worn bosses of the crystalline 
rocks present a topography which on the maps simulate moraine. This 
kind of surface is well shown on the Lowville, Lake Bonaparte, Port 
Leyden and Number 4 sheets. 


IMPORTANT MORAINE BELTS 


The map is only a forward step in delineation of the moraines. The 
scale is yet much too small. ‘The map may not indicate all of the signifi- 
cant positions or standstills of the glacier front. The wide gaps are sug- 
gestive; but no insertions have been made on mere theory, and no serious 
interpolations. 

The majority of New York moraines are belts of drift knolls or broken 
and indefinite ridges, or massive fillings in the valleys. Definite, con- 
tinuous ridges built in immediate contact with an extended and direct 
ice-front are infrequent. Examples are shown in figures 6, 7. These 
were constructed under water, where submergence had straightened the 
ice-margin. 

Significant naming of the long-extended moraine belts is difficult. 
Segments may have local names. The names given by Leverett for the 
moraines as they lie in the Erie basin (paper 7), the later ones with weak 
display, or wanting, on ground which was swept by lakes Warren and 
Dana, are not appropriate for their far eastward extensions. If geo- 
graphic names are used they should designate the best development in 
the wider territory. But short, simple and distinctive names are not 
available. For the present description the use of numbers will be con- 
venient. 

In order of age, from south to north, the belts are designated as fol- 
lows: 


1. Olean, Salamanca moraine: the Terminal moraine. 
2. Susquehanna Valley kames. 
3. Escarpment, Valley Heads moraine. 
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. Hamburg, Batavia, Victor moraine. 
Kame areas; Waterloo, Auburn moraine. 
. Albion, Rochester moraine. 

Oswego moraine. 


Ot 


The “Terminal” moraine has been sufficiently described in papers 1 to 
4, 7, 12, 25 and 33. 
SUSQUEHANNA VALLEY KAMES 


Number 2 is the only recognized massing of drift between the terminal 
moraine and the Valley Heads moraine. The Susquehanna and Chemung 
valleys held extended glacial waters, the Elmira and Binghamton lakes, 
described in paper 67. The east and west stretch of water trapped the 
thin border of the ice-sheet sufficiently to produce subdued kames. It 
is probable that the visible drift is only a fraction of the volume dropped 
by the ice, much having been buried in the lake and river plains, and 
swept away by the glacial flood (paper 67). 

It is possible that these deposits may represent only a temporary 
limitation of the local ice-margin due to the lake effect with conditions 
favorable for kame construction. But the wide space between the ter- 
minal and the Valley Heads moraines suggests the probability of an 
intermediate moraine belt. 

No immediate westward extension of the Susquehanna-Chemung kames 
has been noted, but farther west, as shown in the map, some massive 
deposits north of Alfred, near Rushford on the Genesee River, and at 
Machias north of Franklinville, indicate a considerable standstill of the 
ice-front. Field study may connect these masses and correlate them 
with the Susquehanna deposits. 

Eastward the correlation may be found with moraine drift in the 
valley of Chenango River, and in the valleys of the northern tributaries 
of Susquehanna. 

During the time that the ice-front in central New York was receding 
northward, and until it reached the line of the Valley Heads moraine, 
its burden of rock rubbish was fed to the many south-flowing streams ; 
and that drift is now in the terraces along the sides of those tributaries 
of the Delaware, Susquehanna and Allegheny rivers; or in the glacial 
floodplains of the rivers; or in the delta fillings of their oceanic bays. 
Any pause in that phase of ice-front recession is yet to be discovered. 


EscaRPMENT, VALLEY HEAps MoRAINE 


The portion of the number 3 moraine belt, known as the Valley Heads, | 
has long been recognized, and the figure 3 map has been used since 
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1904. In its application the name is now expanded to include the most 
extended belt of morainic drift in the State. As now recognized it 
stretches from the Pennsylvania State line, on the west, to the Mohawk 
Valley. 

Although represented east of the Genesee River only by isolated fillings 
in the valleys their occurrence in curving lines appears to justify the 
correlation. The fillings were deposited in standing water by the obtuse 
valley lobations of the ice-sheet. The connecting lines of drift across 
the intervalley ridges have not been traced; which work will be difficult 
because the ice-margin at the-reentrants on the ridges left only scanty 
deposits. 

The map indicates that the Valley Heads moraine connects on the 
west with the heavy belt in Wyoming County, and beyond with Leverett’s 
Escarpment moraine on the steep wall facing Lake Erie. 

The heavy filling in the preglacial valley of the Genesee River at 
Portageville caused the diversion of the river from its old Tertiary val- 
ley into the new course of the famous Portage Canyon, with continuation 
as the Mount Morris High Banks. In that district the moraine is shown 
on the Springville, Arcade, Portage and Wayland quadrangles. 

The valley fillings in the Finger Lakes district have correlating counter- 
parts on the east. The moraine fillings in the ancient north-leading 
valleys as far east as the meridian of Utica have bisected the valleys and 
drainage. The moraines, and especially the outwash plains, are con- 
spicuous in both field and topographic map. They are mapped and de- 
scribed in paper 67. 

These drift fillings lie at the heads of the south-leading Tioughnioga, 
Chenango, Sangerfield and Unadilla rivers. The present map shows 
them roughly; but they appear on the Tully, Cazenovia, Morrisville, San- 
gerfield and Winfield sheets. 

The position and direction of the moraine in the west end of the 
Mohawk Valley, along with the heavy moraine belt at Trenton Falls and 
Booneville (paper 61, plate 2), indicate a lobation of the Ontarian ice- 
body, terminating at Herkimer and Little Falls. This condition and 
relation do not agree with the writer’s earlier mapping. At some stage 
in the waning of the glacier a strait of ice occupied the Mohawk Valley, 
as noted below under Mohawk Valley lobations, and as described in paper 
61. In plate 11 of that paper one phase of the ice-strait was correlated 
with an ice-front position in central New York practically that of the 
Valley Heads moraine. It now appears that the ice-strait was of an 
earlier stage in the ice removal, and that the Valley Heads moraine corre- 
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lates with the stage of glacial waters in the Mohawk Valley (paper 61, 
plates 2, 13). 

The singular group of west-pointing drumlins lying between Utica 
and Richfield Springs (paper 61, plate 5) apparently record the earliest 
stage of the Mohawk ice-strait, at a time when a push from the Cham- 
plain-Hudson ice body produced westward flow of the ice through the 
entire length of the Mohawk Valley. 

An interesting stroke of work will be the correlation of some position 
of the central New York ice front, earlier than the Valley Heads moraine, 
with the south border of the Mohawk ice-strait; and then to trace this 
eastward and across the Schoharie Valley, and then southward on the west 
wall of the Hudson Valley to the termination of the Hudson lobe. 

The drift of the flanking moraine deposited along the south edge of 
the ice strait probably is mingled with the drumlins. It must be scanty, 
and perhaps the clearest features are the weak scourways produced by the 
ice-border drainage. 


HAMBURG-BATAVIA-VICTOR MORAINE 


This moraine, number 4, is clearly and strongly developed in the 
stretch from Hamburg to Batavia and a few miles eastward. The broad 
and massive deposits in the Batavia district marks the angle, the point 
of turning movement or the pivot, between the Erian and Ontarian ice- 
bodies. This wide morainic deposit appears to record a long standstill 
of the ice-front in this locality while its eastward extension swept over a 
considerable territory. The kame area southwest of Victor, probably 
the largest in the State, about 20 square miles in area with summits 1,000 
to 1,100 feet elevation, is part of this moraine record. 

Passing northward, in central New York, from the Valley Heads 
moraine no lines of frontal drift have been recognized on the intervalley 
ridges. Careful study may discover some faint or equivocal lines. But 
some ice-front positions are shown in the ice-border stream channels 
across the high ridges south of Syracuse, Chittenango and Oneida; oc- 
curring in descending series from about 1,300 feet down. The higher 
channels are mapped in paper 57, plate 5. The ice-front position which 
left this record would appear to correlate with an early phase at Batavia. 
But when the ice-front did recede on the Batavia salient it produced a re- 
markable record in the sequence of drainage channels that head north- 
east of Batavia; to be described below. 

In paper 7, pages 681 to 688, Leverett described three subordinate 
moraines, Marilla, Alden, Pembroke, immediately west of and blending 
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into the Batavia mass. Perhaps the glacial drainage channels depicted - 
in plate 5 of paper 58 may partly account for the separate belts. 

On the high ground south of Jamesville, Chittenango and Oneida any 
frontal deposits resting above, say, 1,000 feet must belong to the number 
4 moraine. But below 950 or 1,000 feet the unwashed moraine drift 
was deposited by the number 5 moraine. 

While the ice-margin lingered about Batavia its eastern extension 
backed away until it uncovered the head of the Mohawk Valley, and so 
permitted free escape of the waters of central New York. And when, 
some time later, the Batavia ice-front receded a few miles, to the Onon- 
daga scarp and down to elevation below 900 feet, it permitted the out- 
flow of the great glacial Lake Warren which occupied the Erie-Huron 
basin. 

The downdraining of that first Lake Warren produced the very re- 
markable sequence of capacious and abandoned river channels mapped in 
plates 2, 4, in paper 60.? 


DEGLACIATION INTERVAL 


The time space between the morainic stages 4 and 5 covers a very im- 
portant episode in the glacial history. The removal of the ice-barrier 
from the Mohawk Valley allowed the eastward escape of the waters in 
the Ontario, Erie and Huron basins. The clear evidence is found in the 
unmistakable records of river flow, which extend from Batavia to Rome. 
They are mapped in lithograph colors in papers 56, 57, and especially 
in 60. 

This stage in late Wisconsin time was formerly called “Free Drainage.” 
It has not heretofore been emphasized in respect to either the extent or 
distance of the ice removal, or the duration in time. And that the 
channels carried the downflow of Lake Warren instead of only local 
waters is the important new conception (paper 68). 

When the features were described and the papers written, over two 
decades ago, the postglacial uplift of the glaciated territory had not even 
been estimated. Since then it has been found (papers 63-66) that dur- 
ing and since Iroquois time Rome and Little Falls have been lifted 350 
feet, and Syracuse 300 feet. This, taken in connection with the present 
elevation of the rock bottoms of the Syracuse channels, proves that the 
outflow of the Ontario basin water was at, or even below, the present 


2 These maps are essential for the clear appreciation of the morainal and drainage 
history. The Bulletin 127 has long been “out of print,” but is available in libraries. 
Plate 2 is reproduced in paper 68. 
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sealevel. And the low-water stage in the basin perhaps explains the 
“interglacial” deposits at Toronto, described by Professor A. P. Cole- 
man. 

The episode of deglaciation, between the two lakes Warren, is de- 
scribed in paper 68. The far withdrawal of the ice-front, the drainage 
near or at sealevel, with the subsequent readvance of the glacier produc- 
ing moraine number 5, is the well-attested major episode of deglaciation 
in New York; and the only one yet recognized. 


Kame ArEAS; WATERLOO-AUBURN MORAINE: 
Seconp LAKE WARREN 


The amelioration of climate which caused the far removal of the glacier 
front met reversal, and the ice-sheet returned to central-western New 
York, overspreading again the Ontario basin. 

This, number 5, moraine records the position of the ice-front at the 
culmination of its readvance, following the interval of deglaciation; and 
it should correlate with one of the stages, probably the latest, of Wiscon- 
sin glaciation. It is the most definite, continuous and interesting mo- 
rainic record in New York. 

The ice readvance restored the eastern blockade of the central New 
York waters, eventually lifting them to the westward flow across Michi- 
gan, and thus producing the Second Lake Warren. The Warren shore- 
lines described in paper 55, and partially mapped in paper 60, are the 
wave work of this second Warren. 

This moraine is peculiarly interesting not only for its important rela- 
tion to the glacial history and drainage but also for its correlation with 
terminal drumlins (figure 6), as well as for its own singular characters. 

East of Skaneateles Lake the ice-margin lay across the hills at eleva- 
tion of 900 to 1,000 feet. But west of that meridian the ice was faced 
by standing water, Lake Warren, and the morainal drift is “water-laid.” 
The diverse features deserve description in some detail. 

Ten miles south of Rochester the ice-front deposits are strikingly repre- 
sented by the Mendon kame area (figure 4), the hills standing high and 
bold above the surrounding plain (papers 9, 11). This group of mas- 
sive and lofty kames, an area of over 4 square miles, attests a very heavy, 
localized, subglacial outdrainage in a reentrant of the general ice- 
border. Yet nothing in the topography of the district had control over 


the stream-flow. 
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The highest Mendon kames have elevation of 840 feet. The surface 


of Lake Warren, in which the hills were built, was at least 75 feet over 
the highest summit. 
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FiGurE 4.—Mendon Kame Area 
From the Rochester topographic sheet. 


Seven miles eastward is a yet higher and another isolated kame area. 


The upstanding and lonely Turk-Baker hills are somewhat puzzling. The 


northern part of the massif is a group of drumlins. 


The nature of the 


core of the southern, higher portion is unknown, but supposed to be drift. 
The summit of the Baker Hill, over 930 feet, is gravelly till, but the slopes 
are kame gravel as is also a massive ridge on the south. The southern 
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Ficure 6.—Junius Kame Area; Waterloo Moraine; Drumlins 
From the Geneva topographic sheet of the U. S. Geological Survey. 
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crest of Baker Hill carries wave work of Lake Warren with elevation of 
900 feet. On the southwest flank of the hill are handsome delta plains 
that were built in Lake Dana, with head elevation of 720 feet. These 
features are mapped and described in paper 60. 

The Turk-Baker hills form the steep east wall of the deep and capa- 
cious Irondequoit Valley, the Tertiary path of the Genesee River. The 
east slope of the sprawling mass drops away to a drumlin-studded plain 
that declines northward from 600 down to 500 feet. All of the features 
are displayed on the Macedon topographic sheet. 

Twenty-five miles south of east from the Baker Hill kames is another 
group of kames, the Junius kame-moraine area, betwen Lyons and Geneva. 
This is larger in area than the Mendon group, more detached or scatter- 
ing, but on lower ground and with less relief. Except some patches on 
the west, on the Phelps sheet, the area is mapped in figure 6 along with 
its correlating moraine eastward. The gravels are piled on drumlin 
territory, so that kame and drumlin are confused. Smaller drumlin flut- 
ings are buried, and one tall drumlin has a kame veneer. 

These three notable kame areas lie in a definite morainic belt and evi- 
dently represent an origin accordant in both time and circumstance. 
They were not built like ordinary ridge or belt moraines along an ex- 
tended edge of the ice-sheet, but were piled in deep reentrants in the ice- 
border, and at the debochure of heavy subglacial drainage. This dis- 
position or relation is clearly shown in figure 6. 

Westward from the Mendon kames the correlating moraine, inter- 
rupted by the Genesee River, stretches north of west in a belt of subdued 
knolls and short ridges. Eastward from the Baker Hill kames the 
moraine extends in good display in direct course to the Junius kame area. 
Figure 6 shows the unusually definite Waterloo ridge moraine. East of 
Seneca Falls and Lake Cayuga the moraine, in its form as a belt of sub- 
dued ridges and knolls, extends in direct line to Auburn. At Auburn 
and eastward the moraine is massive and accentuated, built in shallow 
water, near the surface level of Lake Warren. 

The contrast between the wide kame areas and the contemporaneous 
linear moraines, and differences in the long stretches of the latter, show 
the futility of expecting similarity and uniformity in the deposits of even 
one ice-front. The great diversity in this number 5 moraine is partly 
due to its construction in the deep water of Lake Warren, with varying 
depth and exposure. 

Figure 6 strikingly shows that the Waterloo moraine was contempora- 
neous with the attenuated drumlin flutings on the north. Similar rela- 
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dued ridges and knolls, extends in direct line to Auburn. At Auburn 
and eastward the moraine is massive and accentuated, built in shallow 
water, near the surface level of Lake Warren. 

The contrast between the wide kame areas and the contemporaneous 
linear moraines, and differences in the long stretches of the latter, show 
the futility of expecting similarity and uniformity in the deposits of even 
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tion is found east of Cayuga Lake in the Auburn moraine. It appears 
that this extended moraine was contemporary with the final shaping of 
the drumlins in adjacent territory on the north. 

Another interesting fact in this connection is the relative weakness 
of the till moraines lying in front of the drumlins. This is because the 
greater part of the load of drift borne by the ice was incorporated in the 
drumlins. The stream outwash was largely concentrated in the great 
kame areas. 

It is worth noting that the three kame areas, representing great volume 
of subglacial drainage, have no apparent genetic relation to the topog- 
raphy. Some conditions of the ice-sheet, surficial or internal, seems to 
have determined the concentrated stream-flow, without reference to the 
buried land surface. 

The eastward extension of this, number 5, moraine in the Syracuse- 
Oneida district will be less definite, because that district, with high 
relief, was the ground occupied by the receding ice-front that preceded 
the interval of deglaciation, and the features may not be confidently 
credited. 

In order to reach ground south of Syracuse at height sufficient to block 
the eastward escape of the Ontario basin waters the ice-sheet had to 
overspread the river channels in the Syracuse-Rome district which were 
carved at the beginning of the Deglaciation interval. On first thought 
one might question if this ice-invasion with the subsequent downdrain- 
ing would cast doubt on the drainage sequence and history as outlined 
above. But it should be understood that west of the Seneca Valley the 
ice-front of the number 5 position did not reach to the river channels of 
the First Warren downflow shown in plates 2 and 3, paper 60. And 
those river courses certainly required correlating channels declining east- 
ward, 

The complex of glacial features in the Syracuse region are depicted 
in the plates of paper 60; and the drainage history, as recently revised, 
is given in paper 68, 

West of the Seneca Valley a clear discrimination can be made between 
the moraines 4 and 5. All of the drift adjacent on the south side of the 
series of low drainage channels (paper 60, plates 2, 3), and immediately 
associated with those channels, must be credited to moraine number 4. 
While the drift some distance north of the channels was deposited by 
the readvanced ice-front, moraine number 5, holding up the Second Lake 
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ALBION-ROCHESTER MORAINE: LAKE DANA 


West of the Genesee River this, number 6, moraine and its scattering 
associates were mapped by Frank Leverett, in paper 7, plate 3. The 
moraine was deposited in the water of Lake Dana, the successor of the 
Second Warren; with its surface 180 feet lower than the Warren sur- 
face. 

The most distinct, upstanding, complex and instructive portion of this 
moraine is the arcuate range in the south edge of Rochester, locally 
known as the “Pinnacle Hills,” figure 7. The highest point, the “Pin- 
nacle,” has elevation 748.7 feet over ocean; and quite 250 feet over the 
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FIGuRE 7.—Map of the Rochester Moraine 
The boundary of the city is that of 1895. 


plain, north and south. This summit was about 15 feet over the plane 
of the highest Lake Dana level. The Pinnacle is capped with ice-laid 
stuff, carrying large blocks of Lockport limestone derived from the 
Rochester plain, adjacent on the north. The Rochester moraine has 
been fully described in papers 8 and 10. 

The base and the greater mass of the entire Rochester moraine is fine 
sand, originally horizontal and highly laminated, attesting relatively 
deep and quiet water (figures 8 and 9). This implies that during the 
deposition of the sand in Lake Dana the ice-front was backed away on 
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FIGURE 8.—Lake sand forming the OF ThE 


Cutting made for South Goodman Street, 1894. 
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the north some distance. Subsequent readvance of the ice-front pushed, 
crushed and crumpled much of the sand strata, especially along the 
north side of the range, along with deposition of coarser sand and gravel. 
The overriding ice piled very bouldery till on the Pinnacle and on the 
eastern part of the range. Figure 9 shows the till capping. The com- 
position and structure of the Rochester moraine is clear proof and an ex- 
cellent example of moderate oscillation of the glacier front. 

The curvature of the Rochester range with its rather abrupt ending 
on the east has been a theoretic difficulty, on the assumption that the ice 
front should have curved southward into the deep Irondequoit Valley 
adjacent on the east. Paper 21 resolved the question by the baseless as- 
sumption that the moraine was “interlobate.” 

The assumption that the plastic border of the ice-sheet was closely 
controlled or guided by the topography, and consequently that the ice- 
front positions can be approximately determined by the land contours, 
may have some application where the ice deployed on open ground. But 
the conception cannot apply where the ice was pushing its front into deep 
water. The effect of melting and flotation in the latter case produced 
recession of the ice-front far back of where it would have lain if the ground 
had been dry land. The Rochester moraine was built in Lake Dana, 
which fact, and the resulting conditions, were not recognized in the 
paper 21.° 

The probable amputating effect on valley lobations of the ice-margin 
when pushing into deep water, with application to the Rochester moraine 
and the Irondequoit Valley, is discussed below. 

The south face of the Rochester moraine, before it was excavated and 
defaced, curved gracefully down, fading into the clay plain on the south, 
the Dana lake bottom deposit. 

After the completion of the Rochester kame-moraine the lower ground 
was occupied by two glacial lakes succeeding Dana. The first of these, 
Lake Dawson, laved the east end of the range and produced the abrupt 
termination of the ridge. Subdued sand knolls marked the extension 
northeastward toward the deep Irondequoit Valley. This relation is 
mapped in plate 2 in “The Rochester Canyon,” etcetera, in Proceedings 
of the Rochester Academy of Science, volume 6, 1919; and figure 148 
in “Geologic Story of the Genesee Valley,” Rochester, 1928. 


3 The designation of the Rochester moraine as interlobate and the mapping in paper 2i 
have no basis in fact. The paper makes incorrect statements and erroneous interpreta- 
tions, and ignores the mass of data collected and published during 35 years of intimate 
study. With its notable form and mass, its complex structure and interesting rela- 
tions the Rochester range is unsurpassed as an example of frontal moraine. 
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FiGure 9.—Bowldery Till, capping lake Sands 
Rochester moraine, 1914. 
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The Albion-Rochester moraine is fairly shown in the present map. 
The stretch west of the Genesee River was, like the Rochester section, laid 
in submergence, and is narrow and quite definite. But east of Ironde- 
quoit Bay the only recognized morainic drift appearing in genetic rela- 
tion with the Rochester moraine is a wide belt of heavy and stony till 
leading northeast toward Sodus village; also shown in the map. 

The ice-front position which controlled the Lake Dana outflow was in 
the Syracuse-Oneida district, and the absence of any belt of frontal drift 
in the stretch of 70 miles westward from Syracuse, and in the 13 miles 
from Newark north to Sodus, is surprising. Perhaps the explanation 
may be found in the following discussion of some mechanical factors. 


OsweGo MorRAINE 


The morainic belts near, and parallel with, the shore of Lake Ontario 
have a long hiatus across the deep embayment of Sodus Bay, where the 
waves of Lake Iroquois had effective sweep. The map suggests that the 
Oswego-Fairhaven belt may be the eastward continuation of the Albion- 
Rochester moraine. If that is not the true relation then the Oswego 
was in immediate succession to the Rochester. In the latter case it would 
belong with the spreading drift along the Ontario shore, east of Ironde- 
quoit Bay. 

Northeast of Oswego the moraine unites with the diffused drift east 
of Lake Ontario, found on the Mexico, Pulaski and Orwell quadrangles. 


ConFLict oF LAKE AND GLACIER 


The Rochester moraine, built in Lake Dana, lies about 8 miles north 
of the readvanced position of the ice-front that built the number 5 mo- 
raine in Lake Warren. Naturally it would be expected that an eastern 
correlative of the Rochester moraine should be found north of, and in 
general parallelism with, the Mendon-Junius-Waterloo-Auburn moraine. 
But such is not the fact. No line of frontal drift has been found in the 
long and wide area between Rochester and Syracuse. The only belt is 
the one noted above. 

The mechanical factors involved in the contest between glacier and 
lake when the former is deploying into deep water suggest a fairly de- 
finite limit to the thickness or depth of the ice at its edge. The balance 
of forces tended to preserve a depth of the ice just sufficient to counter- 
balance the buoyancy of the water. Without any load of rock material 
the ice overtopped the water by one-eighth to one-tenth of its thickness. 
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With a drift load, the prevailing condition, the depth of ice was reduced, 
and with a heavy load the ice-margin might be submerged in the lake. 

As the ice-front with far extent in central and western New York was 
always faced by standing water, north of the east-and-west divide, and 
during both its advance and its frontal recession, the physical relations 
between the ice-sheet and its opposing water become important in this 
study. And the matter has special application to the Lake Dana stage. 

The explanation of the absence of the number 6 moraine in succession 
to the number 5 probably is found in the physical relations just noted, 
along with the exceptional surface conditions of the Ontario lowland. 
This area, from Rochester to Syracuse, and northward from number 5 
moraine, is the core or central portion of the greatests drumlin field in 
the world. 

The plain on which the drumlins stand is about 500 feet elevation in 
the western part, declining to 400 feet in the Sodus embayment and east- 
ward to Syracuse. The taller drumlins will average toward 100 feet in 
height. The surface of Lake Dana over the drumlin area can only be 
estimated, as there are no heights sufficient to receive a wave record. 
Roughly, we may use 725 feet as the elevation of the water surface at 
Clyde village. This makes the depth of water between the drumlins 
about 325 feet; and 225 feet over the taller hills. This suggests that 
the terminal ice had a depth toward 400 feet; and 300 in thickness on 
the drumlins. Westward, where the plain is 500 feet elevation, the above 
figures for depth of water and ice are 100 feet less. 

In the construction and overriding of the drumlins there was some 
differential flow movement in the ice-sheet, in both velocity and direc- 
tion. This difference in flowage probably produced shearing and frac- 
turing; and this resulted in loss of compactness and rigidity, making the 
terminal ice less resistant to the lifting force of the water. Moreover, 
the receding ice-edge must have been extremly irregular, in and out, 
among the drumlins. 

The terminal drift in the drumlin field was scanty, because it had 
heen contributed to the completion of the drumlins. Only occasional 
small patches are found between the drumlins and on their flanks. 

To summarize: It appears that when the ice-front backed away from 
the number 5 moraine, Lake Warren stage, its readvanced position, and 
encountered the high relief of the drumlin area it probably receded with 
relative rapidity. Perhaps this was coincident with rapid waning of the 
ice-body south of the present Lake Ontario. In consequence no definite 
terminal moraine was deposited previous to number 7, or at least until 


Uo 

q 

8 

= Nn 

Ww 

Sl 

ti 

fe 
m 
rt 


CONFLICT OF LAKE AND GLACIER 651 


the ice-front had passed north of the drumlins. In the Sodus embay- 
ment and in the region of Syracuse the ice-margin found deeper water. 
Terminal drift left there was subjected to wave action by the long-lived 
Lake Iroquois, and to burial in the lake deposits. 

The possibility may be admitted that some tireless student may be able 
to tie a sequence of drift patches and so locate a weak and broken line 
of terminal drift across the drumlin field. 


VALLEY LOBATIONS AND ICE-FRONT REENTRANTS 


As noted above, the curvature of the Rochester moraine and its direc- 
tion and relation to the deep Irondequoit Valley adjacent on the east, 
has been a theoretic difficulty, as not in accord with the assumption that 
the ice-sheet always pushed extended lobes into the confronting valleys. 
Such conception is probably true for open or unflooded valleys. But the 
view may be questioned for valleys buried in water; which was the case 
with all of the north-facing valleys in western and central New York. 

In the case of these valleys, where the glacier held glacial lakes, a physi- 
cal factor was in effect which has not been generally recognized. Beside 
the direct solar and atmospheric melting there occurred, especially in 
the summer, a melting of the ice due to water circulation. 

Unsalted water is densest at 39.2 degrees, Fahrenheit. In consequence 
of this singular behavior of water a vertical downflow was constant, in 
the summer, along the submerged face of the ice. The surface water with 
summer temperature of 50 or 60 degrees Fahrenheit when drifted into 
contact with the ice was chilled, became heavier and sank, giving place 
to other warm, surface water. ‘The existence of such circulatory and 
melting process has been verified by tank experiment in the laboratory. 

The melting of the submerged ice was an undercutting effect; and the 
slumping of the overhang, above the water, would cool the adjacent water 
and so have a temporary inhibiting effect on the melting process. But 
when all inhibiting factors are invoked it yet appears probable that the 
summer melting resulted in considerable amputation of the valley loba- 
tions. And in relatively deep and narrow valleys, like the Irondequoit 
Valley, faced with deep water, it appears probable that instead of a loba- 
tion there was a concavity or reentrant in the ice-front. Certainly the 
ice there received not only the atmospheric and solar melting of its sur- 
face but the solution effect on its watered face. The disposition of the 
morainal drift of the Albion-Rochester moraine, as shown in the map, 
rules out any lobe in the Irondequoit Valley. 
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In winter, with the whole body of water cooled to 39.2 degrees, there is, 
theoretically, an upward flow of the ice-contact film; but the winter effect 


may not be effective. 


The effect of this melting process on submerged ice-fronts appears to 


be illustrated in the Alaskan glaciers, which do not project tongues into 
the open waters. And an interesting proof is found in the Aletsch 
glacier in Switzerland, which holds water, the Marjelen See, in a side 
valley but pushes no lobation into the lake.* 

The question arises as to the degree of amputation of the hypothetical 
ice lobations in the Finger Lakes valleys. Extended lobations would 
have gentle slope, or low gradient, of the ice margins along the sides of 
the valleys. In paper 13 a multitude of “lateral” moraines are mapped. 
The areas should be reexamined. If there were any lobations in the 
Seneca and Cayuga valleys they were short and obtuse in the face of the 
deep, imprisoned waters, and any lines of marginal drift left by the 
lobes, or by the ice-front at higher levels, should be regarded not as 
lateral but as frontal moraine. 

The position and direction of the Seneca Falls-Auburn (number 5) 
moraine are suggestive and important in this study. In the early work 
on this moraine it was expected that the definite Waterloo-Seneca Falls 
moraine (figure 6) would have east of Seneca Falls, and approaching 
Cayuga Lake, a southerly trend, marking the west border of a supposed 
lobation. Such southerly curve does not exist, either side of the lake. 
The Seneca Falls moraine extends eastward in direct line, both sides 
of the lake, as shown in the map. There was no ice lohe in the valley 
during that phase of the ice-front recession. Heavy drift north of the 
moraine line, along the west side of the lake and marsh for 2 miles, sug- 
gests a sharp reentrant in the ice-front. 

The question now remains if the physical conditions during earlier 
phases, when the ice-margin, in general, lay across the deeper sections of 
the Finger Lakes valleys and was faced by deep water, produced loba- 
tions or reentrants in the ice-front. The writer ventures the prediction, 
that when some future enthusiastic and conscientious worker in the field 
is able to definitely trace an ice-front position across the intervalley 
ridges between the present lakes he will find that the ice-front was con- 
cave, facing southward, in the deeper sections of the valleys. 


*The writer was reminded of this example by Dr. Harry Fielding Reid. Assistance 
in the physical study has been given by Professor F. C. Fairbanks, and in field work by 
Professor John T. Sanford, University of Rochester. 
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MovEMENT OF THE ONTARIAN IcE-BoDy 


The three later moraines in central-western New York registered the 
plastic behavior of the ice-body in the Ontario basin. In its spreading 
flow the ice moved more freely over the eastern district. 

The ice-margin of number 4 moraine receded more rapidly in the 
Syracuse-Rome district, while lingering at Batavia. The low drainage 
to the Mohawk-Hudson was effective before the flood-gates of the Warren 
downdraining were opened on the Batavia salient. 

When the ice readvanced, following the deglaciation interval, it 
promptly pushed against the Syracuse-Chittenango highland, eventually 
lifting the glacial waters up to a Second Warren. Yet, as shown in the 
map, the ice-front was laggard in western New York, its advanced posi- 
tion being marked by moraine number 5. 

The second retreat of the ice-front was, like the first, more rapid and 
extended in the east, as proven by the position and curvature of the 
Albion-Rochester-Oswego moraine. 

The lowest ground south of Lake Ontario is the Finger Lakes area, 
Seneca and Cayuga in the axis. But the freer flow of the ice was not 
here but southeast of Lake Ontario, over the broader area of low ground, 
with Oneida Lake about in the axis. 

In the glacial stage represented by the three latest moraines it appears 
that the push of the feeding ice from Canada had become ineffective as 
the control for the spreading flow of the Ontarian mass. 

The direction of flow, in the later advances, is clearly shown in the 
orientation of the drumlins. 


Syracuse District; DrainaGe ConTrRoL 


In the region of Syracuse-Oneida the glacier front exercised control 
over all the eastward outflow of the glacial waters of central and western 
New York. As stated above, the movement of the semistagnant ice-body 
in the Ontario basin appears to have been more free and prompt in both 
invasion and recession in this district. The direction of the local ice 
movements is clearly shown by the orientation of the drumlins. 

Above about 1,000 feet the rock shelves and channels on the north ends 
of the high intervalley ridges (paper 61, plates 4, 5) were cut by the 
escape of local glacial waters from the Onondaga, Butternut, Limestone, 
Chittenango Canaseraga and Cowaselon valleys; and possibly by the out- 
flow of Lake Newberry. This erosional work was that of the earliest 
advance and final recession of the ice-front over central New York, and 
of any other other movement which reached that elevation. 


XLITI—BvLu. Soc. AM., Vor. 43, 1932 


s, 
ct 
to 
to g ‘ 
th 
le 
al 
ld 
of 
d. 
he 
he 
he 
as 
rk 
IIs 
ng 
ed 
ce. | 
les 
ey 
he 
g- 
er 
of 
mn, 
1d 
ey 
n- 
nce 
by 
| 


654 H. L., FAIRCHILD—NEW YORK MORAINES 


Below that level the area has been swept by at least two advances of 
the ice-sheet, and at least twice in the ice-front recession. Hence the 
lower drainage channels record at least four distinct stages of eastward 
flow of the glacial waters. And the moraine drift in the area is the 
product of at least two phases of ice-removal. The combined effect of 
glacier, lake and river, and in repetition, has produced the most remark- 
able plexus of drainage channels, and complexity of drumlins and mo- 
raines, of any district in America. The features are so entangled and 
the frontal drift so fragmentary that the complete history can not be 
confidently deciphered. 

The stream-cut channels mark the ice-front positions better than the 
fragmentary moraine drift. Perhaps the most interesting, if not im- 
portant, item in the history is the advanced position of the ice during 
the second Lake Warren stage, with the overflow westward. Another 
interesting element is the position of the ice margin which held Lake 
Dana to its outflow through the capacious channel south of Marcellus. 
As described above, the ice-front position west of Syracuse that was faced 
by Dana waters is equivocal. 

In the translation of the commingled glacial records in the Syracuse- 
Oneida district the Syracuse geologists have an exceedingly difficult yet 
enticing task. 


Monawk VALLEY LOBATIONS 


An interesting stage in the waning of the ice-cap was marked by a 
strait of ice through the Mohawk Valley, after the Adirondack highland 
was exposed, connecting the Ontarian ice-body with the mass in the 
Champlain-Hudson Valley. This condition is shown in plate 11, 12 in 
paper 61,° and is briefly discussed above under Valley Heads moraine. 


>The maps depicting successive positions of the ice-borders as the ice-sheet uncovered 
New York, published in paper 60, plates 34-42; paper 61, plates 9-17; and in paper 66, 
plates 1, 2, were not intended to show the actual, close conformation of the plastic ice 
to the larger topography, nor to indicate the precise positions of the ice-margins 
throughout the long stretches; but to show in a general way the locations of the ice- 
front in its control of the impounded waters, the glacial lakes and rivers. With the 
present knowledge the maps could be redrawn with some improvement. 

In matter relating to the Mohawk Valley published in this Bulletin, Volume 22, 
1911, page 725, a correction is necessary. On page 725, the remarks beginning with 
the last paragraph were made by the present writer, not by Professor Brigham. 

Paper 32 in the attached bibliography is largely devoted to criticism and “errors” 
in the matter of paper 61. It is quite possible that some errors in diagnosis were 
made, more likely in the fringe or borders of the areas described, where the features 
are less definite or perhaps equivocal. But the critic was not an infallible diagnosti- 
cian of glacial phenomena. And the history involved in the waning and removal of 
the ice-sheet from the Mohawk region, as interpreted in paper 61, will stand as against 
hypercriticism of details. 
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Eventually, when the opposing push of the Hudsonian and Ontarian 
ice-bodies relaxed, and the connection through the Mohawk Valley was 
broken, the two lobations thus produced held imprisoned waters, that 
have left interesting records. The latter are mapped in paper 61, plates 
13-15. 

The vigorous movement of the ground-contact ice southwest of Schenec- 
tady produced strong drumlinizing’of the land surface. This is mapped 
in paper 61, plates 5, 6; also in Dr. Rich’s paper 15; and in the writer’s 
second paper on New York drumlins (Proceedings of Rochester Academy 
of Science, volume 7, 1929, pages 34 to 37, plate 20). West of the drum- 
linized area and north of Richfield Springs and southeast of Utica a 
group of west-pointing drumlins was produced. These are mapped in 
paper 61, plate 5. They are indicative of the stronger push on the ice- 
strait from the east. 

No examination has been made for morainic features locating the north 
margin of the eastern or Hudson lobation. The south side of the lobe 
was swept by the ice-border rivers, the successive channels marking the 
recession of the ice; all shown in paper 61, plate 5. 

The moraine drift on the south side of the Mohawk Valley west of 
Little Falls has been noted above, in description of the Valley Heads 
moraine. 

The north margin of the Ontarian lobation has left striking record, 
in drainage channels and deltas and in heavy moraines; shown in paper 
61, plate 2. The present map suggests that the massive moraine south- 
east and east of Trenton Falls, and northward to Boonville, were laid 
contemporary with the Valley Heads moraine on the south side of the 
Mohawk Valley. 

The maps in the former paper (61) were intended to show only the 
succession of glacial waters, as controlled by the glacier margins. The 
present map has regard for only the frontal drift deposits. The two 
elements must be in accord. Future students will be able to locate the 
positions of the waning ice strait in the Mohawk Valley and connect them 
definitely with the feature in the Hudson and Ontario basins. 

During a later phase in this district the Mohawk glacial lakes held 
possession (paper 61, plate 2, and pages 19 to 39), and the waters 
smoothed or buried the drift over considerable areas. 

The massive moraine at and about Camden (Kasoag and Taberg 
sheets) and southward to Rome appears to correlate with the readvanced 
ice-front of the moraine number 5, and Second Lake Warren. This 
position also includes the belt of moraine farther northwest, lying east 


of 

of 
no- 
ind 

be 
the 
im- 
ing 
her 
ike 
us. 
ced 
ise- 
vet 
a 
nd 
the 
in 
red 
66, 
ice 
fins 
ice- 
the 
22, 
rs” 
rere 
ires 
sti- 

of 
nst 


656 H. L. FAIRCHILD—NEW YORK MORAINES 


of the railroad and above the reach of Lake Iroquois; shown on the Or- 
well, Pulaski and Watertown sheets. 

In the Boonville and Forestport district (Boonville sheet) and nurth- 
ward to Lowville and beyond, the drift in the Black River Valley was 
deposited by an ice-lobe that pushed southward in that valley, shown 
in paper 61, plates 14 to 16). That ice-lobe held long-lived glacial lakes 
in the extended valley, described in pages 8 to 17 and plate 3 in the same 
paper. The wide sand-plains on the east side of the valley, derived from 
the Adirondack drainage, buried most of the drift on that side. But 
the large, sprawling and deep kettles, many with lakes, and very con- 
spicuous in the field and on the Port Leyden and Lowville sheets, attest 
the lingering presence there of the ice-border. Some drift from the west 
side of the lobe yet remains on the limestone wall of the valley. 


In the Mohawk and Black valleys the morainal masses and the tall 


kames which were not leveled by the lake waters contrast with the sur- 
rounding sand plains. A similar and stronger contrast is found on Long 
Island between the high and very rough moraines and the marine plain 


(paper 64). 
CATSKILLS AND ADIRONDACKS DRIFT 


Lying not far from the glacial limit, the high points of the Catskills 
appeared as islands in the sea of ice very early in the waning of the 
glacier. For the same reason the southern slopes of the highlands were 
soon open ground; as shown in paper 61, plate 10. In that area the 
terminal drift was mostly in the grasp of the streams flowing from the 
ice sheet, the early tributaries of the Delaware River. In consequence 
the morainal drift must be scanty in Sullivan and Orange counties. Any 
patches of moraine in that area should have local interest. 

In Delaware County, on the west side of the mountain tract, consid- 
erable drift has been located by Prof. J. L. Rich in the headward portions 
of the west and east branches of the Delaware River. 

The receding ice-margin encircled the Catskills on the east, north 
and west sides; yet it will be difficult to trace lines of ice-front position 
about the highlands, across the valleys and around the hills. 

Valleys leading away from the highland, declining toward the ice- 
front, must have held imprisoned glacial waters. These lakelets had 
some melting effect on the blunt lobations of the ice in the valleys, and 
also served to distribute the drift and to subdue and smooth the heapings. 
But it may be possible to, at least tentatively, correlate some of the heavier 
valley deposits. 
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The Adirondack highlands, unlike the Catskills, were continuously 
encircled by the lowering and widening ice-margin, until the Mohawk 
Valley ice-strait was broken, as shown in paper 61, plate 13. The western 
slopes, facing the Black and Saint Lawrence valleys, and having more 
continuity, may carry determinable lines of ice-front position by corre- 
lating the valley deposits. The several pronounced valleys leading west 
and northwest all held glacial lakes. 

It will be interesting to connect, if possible, the lines of ice-margins 
in the Saint Lawrence and Black valleys with those in the Mohawk Val- 
ley; and ultimately with those in central New York. The moraine map 
gives one suggestion, and further suggestion for the location and direc- 
tion of the western Adirondack moraines may be found in paper 61, 
plates 12 to 17. 

The east central area of the Adirondacks has been intensively studied 
by H. L. Alling, and the glacial waters and drift deposits are mapped in 
detail in papers 47 to 51. The dispersive and reducing effect on the 
moraine deposits by the impounded waters in the valleys is recognized in 
those papers. References to moraines are also given in papers 21, 37, 40. 


MountTAIN GLACIERS 


The very interesting discovery was announced in 1906 by Dr. John L. 
Rich, in paper 14, of the record of local or “alpine” glaciation in the Cats- 
kills. His diagnosis of the features has been fully verified. 

The terminal moraine produced by a mountain ice-stream is found at 
the head of Fly Brook, in the Schoharie Valley, northern Catskills, 3 
miles west of Prattsville and 6 miles south of Gilboa. The locality is 
mapped on the west edge of the Gilboa sheet. 

During later years Professor Rich has made intensive and detailed 
study of the glacial phenomena in the entire Catskills, with publication 
in papers 15 to 18. His complete report, paper 19, which has been await- 
ing publication for two years, describes many deposits of valley drift 
which he confidently interprets as the product of small mountain glaciers. 

In the Adirondacks only weak suggestion of local glaciation has been 
found by Dr. Alling; and some discussion of the conditions requisite for 
local glaciers in New York is pertinent. 

The existent mountain glaciers are fed from snowfields which cover 
mountain heights. Mount Rainier is an example. They are the icicles 
which drain away the precipitation from the mountain roofs. But on 
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account of the low latitude the New York mountains did not carry heavy 
snowcaps. When the ice-sheet over the State was waning and thinning 
the summits of the Catskills and the Adirondacks protruded above the 
snowline; and remained bare, except for the winter snowfalls. 

Only under special combination of physical conditions could local 
glaciers form in New York. Such conditions were : (1) a capacious 
basin or cirque-form hollow; (2) so situated as to receive by wind drift- 
age a large supply of snow; (3) at such particular elevation that, with 
proximity of the general ice-sheet, the temperature was adjusted so as 
to produce plastic flowage from the snowfield; but, (4) not too rapid 
melting. 

The detachment of the higher summits in the Adirondacks did not 
favor the creation of elevated basins or reservoirs for catchment of the 
drifting snow sufficient to feed ice-streams. 

An interesting discrimination must be made, by students in the field, 
between the valley deposits left by the lobations of the ice-sheet and the 
small terminal moraines built by the weak and short-lived mountain ice- 
streams, the “alpine” glaciers. The terminal moraines of the valley 
lobations would tend toward a crescentric form, convex upvalley, or 
toward the highland. The local ice-stream would, on the contrary, pile 
its terminal drift in curving form, convex downvalley. 

Another distinction between the two species of terminal moraines relates 
to their surface character and form. The terminal deposits by the loba- 
tions from the general ice-sheet were faced by lakes or lakelets which 
they imprisoned, and the waters had some effect in distributing the drift 
and in smoothing the surfaces. But the terminal deposits of the local 
ice-streams were affected only by the atmospheric agents, and should 
have, in theory, more asperity, or rougher expression. 

The schools and educated people of the Catskill region should have 
great interest in their records of mountain glaciers, which will be indi- 
cated in paper 19. And the people in the upper Schoharie Valley should 
have special regard for their particular record, which is the type and 
probably the best example in eastern America. And the citizens of 
Prattsville, Grand Gorge and Gilboa should erect a monument at the Fly 
Brook moraine; and while the discoverer is yet living. It would have 
scientific and educational value, and become a local attraction. 

The length of time required in the construction of the Fly Brook 
moraine is a problem of interest. Perhaps Dr. Rich has made an esti- 


mate, in centuries. 
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BIBLIOGRAPHY 
GENERAL STATEMENT 


The moraines in New York have received scant attention and descrip- 
tion in the literature; at least in comparison with some other branches 
in geology. The explanation lies, as stated in the body of the paper, in 
the indefinite character of the features and the difficulty in mapping and 
description. 

The few papers descriptive of extended morainal belts are those of 
Warren Upham, T. C. Chamberlin and H. Carvill Lewis on the terminal 
moraine; and by Frank Leverett for the western part of the State. In 
paper 7 of the following list of writings Leverett described in detail and 
mapped in colored plates the recessional moraines as far east as the 
Genesee Valley. 

Many positions of the receding ice-front in the Erie basin, as deter- 
mined by the ice-border drainage channels, were also mapped by the 
writer in paper 58; and the same for central and northern New York 
in papers 60, 61. The study of the terminal drift deposits is given in 
the present paper and the map. 

The detailed study of the Catskill highland by Dr. J. L. Rich is 
awaiting publication, as paper 19. But in 1906 Dr. Rich announced the 
discovery of a local or alpine glacier, in paper 14. 

The Adirondacks have been an attractive field of study, with incidental 
mention of glacial features. The glacial and morainic features in the 
east-central area are noted in papers 47 to 51 by Dr. H. L. Alling. 

The Hudson Valley, as a difficult field, awaits serious study. 

The massive belt of terminal drift on Long Island and Staten Island, 
because of its location, has received many brief descriptions and casual 
references in older literature; with fuller description in papers 12, 25, 
26, 33 to 35. 
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INTRODUCTION 


The publication of a comprehensive review of the origin of limestone 
caverns by William Morris Davis * has filled a need long recognized by 


1 Manuscript received by the Secretary of the Society February 1, 1932. 

2W. M. Davis: Origin of limestone caverns. Bull. Geol. Soc. Am., vol. 41, 1930, pp. 475- 
628. The origin of limestone caverns. Sci., n. s., vol. 73, 1931, pp. 327-331. With Cecil 
Killingsworth: Origin of caverns (abstract). Bull. Geol. Soc. Am., vol. 42, 1931, pp. 
308-309. 
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geologists connected with cavern investigation. Voluminous discussions 
of caves have been presented with surprisingly little consideration of 
broad physiographic relationships. Like many other geological phenom- 
ena the origin of caverns has seemed for years an obvious matter; it is 
only on mature reflection that the appearance of superficial simplicity 
gives way to the impression of baffling complexity. The problem has 
needed someone of Professor Davis’ acumen to call attention to the 
astounding paucity of correlated factual knowledge in this phase of 
physiography. Davis has examined the tacitly accepted ideas of cave 
origin and has propounded a counter working hypothesis, hoping that 
observational investigation might thereby be stimulated. 

It can scarcely be doubted that caves bear a genetic relation to the 
physiographic development of the region in which they occur. Once the 
principles of cave origin become established, caves may be very useful 
physiographic indexes. The value of this kind of evidence demands 
extended and careful study. 

When I first began a study of the origin of limestone caverns in 1925 
the literature gave but little indication of any well-formulated theory of 
cave origin. Some writers have suggested that cavern formation did not 
extend below the water-table and others implied that such caves were not 
uncommon. I failed to find reports of water-filled, subwater-table caverns, 
the history of which was not open to varied interpretation. Although deep 
phreatic openings exist, most of the large cavern systems were, at the 
time of their formation, closely related to the water-table level, which in 
turn is ultimately determined by the exterior drainage levels. 

The present discussion contains few new observations but is rather a 
continuation of the academic argument. If the point of view differs from 
the position taken by Professor Davis let it be understood that I value 
highly his opinion on the many aspects of the problem and regret that 
the limitation of space prevents enumeration of all points of mutual 
agreement. 

In discussing Professor Davis’ paper I wish first to call attention to 
his misunderstanding of my interpretation of the cave relationships in 
Bermuda. Second, I wish to contrast the hypothesis of cave origin by 
means of the lateral flow in the upper zones of the water-table, which 
I proposed a few years ago, with the one suggested by Professor Davis. 
Third, there will be discussed specific phases of the problem of cave forma- 
tion such as: (1) The quantitative adequacy of lateral water-table drain- 
age, (2) drip-stone deposits, and (3) the physical chemistry of solution 
and its bearing on the origin of crystal caves. Fourth, the physiographic 
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development implied by this theory will be discussed and, fifth, observa- 
tional tests by which the hypotheses may be tried will be suggested. 

To my colleagues, Prof. O. L. Inman, Prof. G. E. Owen, and S. J. 
Broderick, and to Prof. Kirk Bryan, Harvard University, all of whom 
have read the manuscript critically, I owe thanks. Their assistance has 
contributed materially to the clarity and accuracy of the paper. Dr. Paul 
Rothemund, Antioch College, assisted by revising my translation of N. 
Krebs’ article on the karst. 


Note ON THE BerMuDA CAVES 


The aeolian nature of the porous surficial rocks of Bermuda is well 
known ; in fact reference is so seldom made to other rocks that it is sup- 
posed by many that the porous aeolianites are the only rocks at the surface 
in Bermuda. It is likewise assumed that the Bermuda caverns have been 
excavated in relatively recent wind-carried material. Davis * appears to 
have made this assumption, for he classifies the Bermuda caves as “one- 
cycle caverns in porous limestone.” 

Much of the surface of Bermuda is covered by porous aeolian limestone, 
but an older more compact rock underlies the aeolianities. This con- 
solidated limestone, which is exposed in places and is called the Walsing- 
ham formation by Verrill,* is distinctly compact and is characterized by 
well-marked jointing. 

In a few places in Bermuda the flow of water through the porous rocks 
has resulted in minor cavernous conditions—for example, at Cathedral 
Rocks where a small area is honeycombed with moderate-sized cavities. 
However, no caves of size occur in Bermuda except in the compact and 
relatively old rocks of the Walsingham formation, in which the porosity, 
neglecting joint space, is insignificant. 

The exclusive presence of caves in the Walsingham formation empha- 
sizes the influence of joints in cavern formation. The conclusion seems 
inescapable that the concentration of water flow along joints explains the 
presence of caves in the compact rocks; and that the absence of joints, 
with the resulting failure of concentration of water flow, explains the 
absence of caves in the porous rocks. The following statement occurs in 
my paper of 1929°: - 


3 Op. cit., p. 496. 

4A. E. Verrill: The Bermuda Islands, pt. 4, Geology and Paleontology. Trans. Con- 
necticut Acad., vol. 12, 1907, pp. 45-348. 

5 A. C. Swinnerton: The caves of Bermuda. Geol. Mag., vol. 66, 1929, p. 82. 
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“Solution effects of the cavern type are limited to the compact Walshingham 
limestone. The less compact limestones—the slightly cemented dune sands— 
show certain solution effects but apparently they are too porous to permit 
sufficient concentration of migrating surface water to form caverns.” 


The misunderstanding which is implied when Davis classifies the 
Bermuda caves as “one-cycle caves in porous limestone” diverts attention 
from the relation which they bear, as normal caverns in compact lime- 
stone, to sealevel. 


THEORIES OF CAVE ORIGIN 


THE TWO-CYCLE HYPOTHESIS 
Davis’ hypothesis may be stated briefly in his own words °: 


“It is proposed . . . that large caverns are ordinarily excavated by 
ground-water solution during an epoch when the body of limestone in which 
they occur lies below the water table of its district ; and that the change from 
this epoch of solutional excavation to the following epoch of depositional 
replenishment takes place when the water table sinks below the cavern level 
in consequence of regional elevation or other effective cause. " 


As two stages of physiographic history are involved this analysis is 
designated the “two-cycle hypothesis.” The solution phase, or first cycle, 
occurs during the low stand of the limestone body; the depositional phase 
represents the second cycle when, in the erosional history of the region, 
the body of limestone has been elevated and the surface drainage has 
been incised, with the result that the water-table has been lowered and 
the caves above it have become air-filled. 

This concept was anticipated, as Davis states, by Grund, whose work 
in the karst of the Adriatic borderlands led him to think in terms of deep 
circulation. That such ideas have been current in European literature 
for some time, as Davis suggests, may be illustrated by a brief quotation 
from Haug’: 

“Les riviéres souterraines présentent alors des biefs étagés, avec des lacs et 
des cascades et, quelquefois, les galeries formant siphon, les eaux remontent 4 
un niveau plus élevé. Leur cours peut méme descendre ainsi audessous du 
niveau de base de la riviére.” 


But that such conclusions are not universally accepted may be seen from 
Krebs, whose karst studies have lead him to other interpretations. 
Krebs’ work will be discussed more fully later. 


© Op. cit., p. 480. 

7E. Haug: Traité de Géologie, vol. 1. Paris, 1921, p. 362. 

®N. Krebs: Ebenheiten und Inselberge in Karst. Zeitsch. d. Gesell. f. Erdkunde z. 
Berlin, 1929, pp. 81-94. 
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VADOSE-WATER THEORY 


According to Davis the usual hypothesis explaining the solutional ex- 
cavation of caverns depends upon the vadose or mobile waters above the 
water table. Matson ® in his discussion of the formation of caves in the 
blue grass region of Kentucky has made a clear presentation of this 
hypothesis : 

“. . . Water, coming fresh from the surface, is charged with a great 
amount of carbonic acid and it attacks the limestone about the point of en- 
trance; as it flows farther and farther from the point of entrance it loses its 
power to dissolve the rock, because it has gradually picked up as large an 
amount of calcium carbonate as it can carry. 

“As the belt of rapid solution is restricted to the zone of active water circu- 
lation, the formation of caverns takes place largely above the level of the 
surface streams that receive the underground drainage, but this does not imply 
that there is no deep-seated solution or that active circulation may not extend 
slightly below the level of surface drainage.” 


Davis feels that this hypothesis fails to explain (1) integrated sub- 
surface drainage systems, (2) vertical and horizontal passages including 
multiple network passages, (3) offshore drainage outlets such as the fresh- 
water springs off the coast of Florida, (4) the roof solution suggested by 
smooth ceiling markings in many caves. According to Davis the two- 
cycle hypothesis will explain and correlate these observations, although 
the presence of domes is difficult to explain under either hypothesis. 


LATERAL FLOW IN THE WATER-TABLE 


As a result of observations in Bermuda and Kentucky I believe that the 
vadose-water hypothesis, with emphasis on the controlling factor of the 
water-table, is an adequate explanation for these caverns. This theory 
was presented before the Geological Society of America in 1928 in a 
paper, the abstract *° of which contains the following: 

“In the simplest case precipitation passes more or less directly downward 
through the openings in the rock to the water table and then moves laterally in 
the fluctuating top of the water table into the surface drainage channels. In- 
significant caves may occur both above and below the water table as tem- 
porary phases of the adjustment of subsurface flow to the level of the surface 
sirens. . 


®°G. C. Matson: Water resources of the blue grass region, Kentucky. U. S. Geol. Sur- 
vey Water-Supply Paper 233, 1909, pp. 42-43. 

10 A. C. Swinnerton : Changes of baselevel indicated by caves in Kentucky and Bermuda 
(abstract). Bull. Geol. Soc. Am., vol. 40, 1929, p. 194. 
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Greene, Proctor,’* and others have noted similar relationships of 
caves to drainage channels, and explained caverns as controlled in their 
formation by the level of the surface streams. 

Although this concept of cavern formation does not constitute a distinct 
hypothesis, the change of emphasis—stressing the behavior of the fluc- 
tuating water-table—is of such fundamental importance that I shall refer 
to it as the water-table hypothesis rather than the vadose-water theory. 


THEORIES OF GROUND-WATER MOVEMENT 
CLASSIFICATION OF WATER ZONES 


Finch ** divides the earth’s crust, according to its behavior in respect to 
ground-water movement, into two parts: (1) The gathering or percolation 
zone, and (2) the saturation belt. The latter is subdivided into (a) the 
zone of discharge and (b) the static zone. The zone of discharge “em- 
braces that part of the belt of saturation, in any region, which has means 
of horizontal escape and discharge. The means of discharge establishes a 
continuous condition of gravitative flow.” ** 

Meinzer ** similarly classifies the zones of rock fracture into zones of 
aeration and of saturation and speaks of the phreatic cycle composed of 
the periods of rise and fall of the water-table. Finch’s classification is 
better suited to the present purpose since it is based essentially on dynamic 
considerations. 

Finch’s concept of ground-water movements relates to impervious and 
massively jointed igneous rocks and is held by him not to apply to porous 
and bedded rocks. However, limestones in which caves are formed are 
for the most part sufficiently impervious and massively jointed to be gov- 
erned by the same principles which Finch applies to igneous rocks. Davis** 
apparently agrees that water movement is largely restricted to the joints 
in limestone, for he describes the latter as follows: 

“The joints and bedding planes . . . are here assumed to be close fitting. 
The minute water ways will be opened along them, especially on lines of 
intersection and a complex angular, three dimensional network of tube-like 
crevices will be thus developed.” 


11F. C. Greene: Caves and cave formation of the Mitchell limestone. Proc. Indiana 
Acad. of Sci., 1909, pp. 175-184. 

1223. R. Proctor: The Mammoth Cave of Kentucky. Century Mag., vol. 55, 1898, pp. 
643-658. 

13 J, W. Finch: The circulation of underground aqueous solutions. Proc. Colorado Sci. 
Soc., vol. 7, 1904, pp. 193-252. 

14 Idem, pp. 202-203. 

% E. O. Meinzer: Outline of ground-water hydrology. U.S. Geol. Survey Water-Supply 
Paper 494, 1923, pp. 23, 35. 

16 W. M. Davis: The origin of limestone caverns. Sci., n. s., vol. 73, 1931, pp. 327-328. 
See, also: Origin of limestone caverns. Bull. Geol. Soc. Am., vol. 41, 1930, pp. 499-500. 
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The development of a general theory of water circulation is limited for 
the present to the conditions occurring in a thick series of compact lime- 
stones exposed over a large area and subject to relatively humid conditions 
of rainfall and of such geologic structure that free gravitative circula- 
tion is not prevented. Specific cases in which geological features direct 
the flow of water, such as in artesian conditions, must be eliminated 
from the discussion. Nor can caves formed under arid climatic conditions 
which preclude the development of a normal water-table be considered in 
this paper. 


DEEP-SEATED CIRCULATION 


The discussion resolves itself into a consideration of the relative merits 
of the contrasting systems of ground-water circulation as pictured by 
Finch and by Davis. Davis’ hypothesis is patterned after King,’ whose 
studies were largely concerned with the migration of water through porous 
sandstones. In describing how seepage waters find their way into drain- 
age channels King ** writes: 


“Whenever rain falls upon a field, no matter of how steep a slope, its first 
tendency is to continue the course it was pursuing when it fell and to pass 
directly beneath the surface in a straight line, and it is only when the rate of 
precipitation exceeds that at which percolation takes place that there is any 
surface movement toward drainage channels. . . . 

“The water which enters the ground in excess of capillary saturation moves 
directly downward until the ground-water surface has been reached, when it 
raises that level and at once augments the pressure. If the land were every- 
where level the effect of percolation would be simply to raise the level of the 
ground-water surface; no lateral movement would be possible except under 
such conditions as permitted the ground-water level to be lowered more 
rapidly in one place than in another by surface evaporation aided by capillarity. 
With the differences of level, however, which are always associated with 
topographic forms and with the far greater resistance which is opposed to 
lateral flow, as compared with that which impedes percolation directly down- 
ward, it is evident that the water which sinks beneath the surface of land areas 
must tend to accumulate beneath the places where it has fallen until a sufficient 
pressure has been developed to force it to flow through the soil and rock 
toward whatever drainage outlets may exist.” 


King’s diagram *® showing seepage and the growth of streams indicates 
that subsurface drainage extends to a depth below the highest point of the 
water-table about equal to the relief, with a maximum horizontal migra- 


17 F. H. King: Principles and conditions of the movement of ground water. U.S. Geol. 
Survey Ann. Rept., vol. 19, pt. 2, 1899, pp. 59-294. 

18 ITdem, p. 95. 

19 Idem, p. 99. 
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tion equal to three times the relief. The stream shown occupies about 10 
per cent of the width of the diagram. 

Davis modifies King’s diagram by increasing the depth of deep circula- 
lation below the highest point of the water-table three times the relief 
shown, retaining, however, four times the relief as the amount of maxi- 
mum lateral movement. The stream width shown by Davis *° is approxi- 
mately 3 per cent of the width of the diagram. 

It is sometimes difficult to interpret diagrams, but King’s is apparently 
intended to show in a generalized way the behavior of water in small hills 
of glacial material adjacent to streams. On the second and third page 
preceding his diagram are given maps of the water-table and of water 
circulation at Lake Mendota, Wisconsin. 

In describing the deep-seated circulation implied in the two-cycle 
hypothesis Davis ** writes: 

“It has often been assumed that vadose water, on becoming ground water, 
does not sink to significant depths below the water table. Thus Greene, writing 
of Indiana caves, . . . concluded that after the vadose water reached the 


water table, which is determined by the level of the neighboring valley-bottom 
streams, it moves laterally. It may do so after a gallery at the proper level has 


been corraded, . . . but before such a gallery is developed there is no 
sufficient reason for its lateral motion at the water-table level. King has 
shown .. . that the movement of subsurface water is downward well 


beneath the water table in areas of greater hydrostatic pressure, and upward 
in areas of less pressure, the two movements being connected below by a curved 
lateral movement, and the deepest path—homogeneous rock being assumed— 
being that to which descent is made from the highest uplands. The occurrence 
of ascending movements of deep ground water beneath ordinary valleys is 
indicated in Meinzer’s [U. S. Geological Survey Water-Supply Paper 494, 1923, 
page 56] cross-section of an effluent stream, the surface of which is a little 
below the water table. . . . Bain [U. S. Geological Survey Annual Report, 
volume 22, part 2, 1901, page 104] has inferred a descent of subsurface water 
to depths of 2,500 feet below the uplands of the Ozark plateau in southern 
Missouri, because a deep well in a valley 750 feet below the upland level 
received its water from a depth of 1750 feet. . . . This profound circula- 
tion is illustrated in idealized form in figure 31 [Bull. Geol. Soc. Am., volume 
41, 1930, page 549], in which the curved movements inferred by King are 
changed to many angular movements in order to adjust them to the joints 
and bedding planes of the stratified formations, many being limestones, of 
which the Ozark plateau is made up. It is edifying to add that, if need be, 
the water under the uplands might have, in virtue of their height above the 
valley bottom, a head of 20 atmospheres with which to impel the deep-lying : 
ground water to move, provided the crevices have been opened enough to 


2” W. M. Davis: Origin of limestone caverns. Bull. Geol. Soc. Am., vol. 41, 1930, figure 
31, p. 549. 
21 Idem, pp. 548-550. 
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transmit hydrostatic pressure. If the height of the water table under the 
uplands were known, the head of pressure actually requisite for maintaining 
the vertical circulation might be inferred. In the accompanying figure, the 
height assigned to the water table in the uplands indicates a head of about 6 
atmospheres.” 


Parenthetically, the value of the citation from Bain may be questioned 
as having failed to take into consideration the structural ‘conditions of the 
area and the possibility of magmatic action. 

The deep circulation in the Ozark region is artesian in nature and does 
not represent normal water movement in massive, horizontal-bedded lime- 
stone. Impervious layers enclose the water-bearing limestones and shut 
off normal access of the water to the surface. Smith and Siebenthal ** 
write: 

“Over much of the Mississippian area immediately southeast of the Joplin 
district the Hannibal or Devonian shales, though thin, probably act as an 
efficient cover to the circulating waters of the Cambro-Ordovician rocks and 
limit the downward movement of water in the overlying Mississippian. Not 
only the shales, but all other relatively impervious rocks as well, serve to 
retain and direct the circulation of the waters beneath. Especially do the 
unfractured cherts confine the motion of waters to movement along the bedding 
planes. In particular, the Grand Falls chert . . . acts as a great hori- 
zontal trunk channel. 

“The catchment area of the artesian circulation in the Joplin district extends 
toward the south and east, at least as far as the crest of the uplift, and 
includes extensive exposures of both Mississippian and Cambro-Ordovician 
rocks. Meteoric water falling over this area sinks downward under the action 
of gravity, and at the same time flows in the direction of the dip of the rocks 
toward the northwest.” 


Another geological consideration bears on this discussion. Although the 
theory of the aqueous origin of the mineral deposits of the Tri-State dis- 
trict has received favorable consideration by economic geologists, it is not 
undisputed. As recently as the 1931 Joplin meeting of the American 
Institute of Mining and Metallurgical Engineers, Fowler and Lyden ** 
offered the hypothesis of magmatic influences in the mineralization. Since 
the date of cavern formation in the Ozark area is unknown and since in 
some instances these caves are associated with the ore deposits which 
may be related genetically to other than meteoric waters, the evidence 
cited from Bain may be open to a variety of interpretations. 


22 W. S. Tangier Smith and C. E. Siebenthal: Description of the Joplin District. U. 8S. 
Geol. Folio 148, 1907, p. 18. 

23G. M. Fowler and J. P. Lyden: The ore deposits of the Tri-State district. Am. Inst. 
Min. and Met. Eng., Tech. Paper 446, 1932, pp. 35-36. 
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LATERAL FLOW IN THE WATER-TABLE 


In contrast to the Davis concept of ground-water circulation is the 
theory presented by Finch, in which he distinguishes three zones: Zone I, 
the uppermost belt of mobile water; Zone II, the mobile portion of the 
saturated belt ; and Zone III, the static part of the belt of saturation. For 
the sake of clarity and because the paper by Finch ** is not readily accessi- 
ble I quote at length: 


“Near the surface, wherever conditions are such that water may enter the 
ground, the direction is downward, and, as nearly as possible, vertical. At a 
certain depth, varying with different regions and with various local conditions, 
. . . the rock crevices become permanently filled and porous formations 
are saturated with water. . . . At this depth, water may approximate a 
horizontal direction of movement, if it has an outlet. With no outlet, the 
water will seek a level, and be subject to very litthe movement. In moun- 
tainous regions, however, outlets always exist through the crevices of the rocks 
to the slopes, canyons, valleys, or plains at lower altitudes. 

“Near the surface, the movement of water downward is easily accomplished 
through the abundant spaces existing in the surface soil and the underlying 
disintegrated rock. As depth increases and distintegration becomes less 
marked, the joints and cracks of the rock become the easiest avenues of move- 
ment, and conduct the greater part of the flowing water. . . . The 
marked diminution of such openings in deep mine cross-cuts through the 
country rock and their abundance near the surface would seem to support such 
aview. . . .” (pages 199-200). 

“The depth of Zone I varies with the topography, rainfall and the nature 
of the rock. In low topographic areas it may be zero, ia areas of extreme 
relief it may be hundreds of feet. . . .” 

“In all regions . . . Where there exists a condition of saturation at a 
certain depth, . . . there is a certain upper portion of the belt of satura- 
tion [Zone II] in which there is flowage of a well-marked character, . <7 
(page 202). 

“Zone II embraces that part of the belt of saturation, in any region, which 
has a means of horizontal escape and discharge. The means of discharge estab- 
lishes a continuous condition of gravitative flow. 

“The routes of flowage are the prominent fissures traversing the country 
rock. To effect a considerable movement, the open fissures must aggregate con- 
tinuity. A series of fissures connecting*or intersecting may thus lead the 
water to the surface at a lower altitude. 

“The water of flowage is acquired from the numerous crevices of Zone I... . 

“The upper limit of Zone II, which is the upper limit of rock saturation or 
‘water level,’ is exceedingly variable. Besides the several factors mentioned 
under Zone I as affecting the depth at which saturation is found, it varies also 
as the facility of movement to the place of discharge . . .” (pages 202-203). 


24 J, W. Finch: The circulation of underground aqueous solutions. Proc. Colorado Sci. 
Soc., vol. 7, 1904, pp. 193-252. 
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“Below Zone II, the zone of discharge, the state of underground water is 
only vaguely understood. . . . Nevertheless, basing assumption upon phy- 
sieal priciples already considered in the discussion of Zone II, the conclusion 
seems inevitable that the movement of the water which may be found below 
the level of the lowest point of discharge, for normal conditions, is infinitesi- 
mal .. .” (page 209). 

“The top limit of Zone III, as herein defined, corresponds normally to the 
lower limit of notable mobility in the saturating water body, or the upper limit 
of static water. It may be also an extensive barrier, . . . determining the 
bottom limit of discharge to the surface. 

“The bottom limit of Zone III is entirely a matter of speculation. If there is 
a downward limit to water of saturation, the zone is defined by this. That there 
is such a limit is an observed fact in most of the deepest mines, and it is a 
reasonable supposition for any place in the earth’s crust . . .” (pages 211- 
212): 


Locus OF MAXIMUM FLow 


The critical principle in the Davis two-cycle hypothesis concerns the 
nature of phreatic circulation. To summarize: Davis utilized the work 
of King * and Slichter ** on porous materials and assumes that the natural 
movement of water is downward, perhaps to considerable depths before the 
head begins to force the water laterally and upward in curving paths to the 
valley outlet. It should be repeated that King’s and Slichter’s studies deal 
primarily with porous soils and rocks, composed principally of spherical- 
shaped grains. They present conditions very different from those of mas- 
sive limestone with a relatively evenly spaced lattice of discontinuous 
joints. 

Slichter points out: 


“We have, therefore, shown that a problem in the steady motion of ground 
water is mathematically analogous to a problem in the steady flow of heat or 
electricity, or to a problem in the steady motion of a perfect fluid.” 


To express it in another way, water circulation in rocks is analogous to 
a system of potentials, in that some amount of circulation, appropriate to 
the force applied, will take place in all possible directions. Bain ** calls 
attention to this principle in the work cited by Davis. 


25 Op. cit. 

26, S. Slichter : Theoretical investigation of the motion of ground waters. U. S. Geol. 
Survey Ann. Rept., vol. 19, pt. 2, 1899, pp. 295-384. 

27 Idem, p. 331. 

23H. F. Bain, C. R. Van Hise, and G. I. Adams: Preliminary report on the lead and 
zinc deposits of the Ozark Region. U. S. Geol. Survey Ann. Rept, vol. 22, pt. 2, 1901, 
pp. 99-100. 
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When this principle is applied to the circulation of water in massive 
limestone with a uniform distribution of joints of similar size it is neces- 
sary to admit that circulation will take place in all downward directions 
since gravity is the actuating force. But in any system of potentials the 
greatest amount of flow will take place in the direction of least resistance. 
In the assumed situation—massive, evenly jointed limestone—the great- 
est resistance to flow is offered primarily by friction (depending in turn on 
factors such as viscosity, temperature, et cetera) between all the water 
which must be displaced and the joint walls. Obviously the amount of 
friction increases with the distance of flow ; consequently the direction of 
least resistance is the shortest distance to the outlet. 

It can not be emphasized too strongly that the actuating head is the same 
whether the course be largely vertical or of marked horizontal component. 
To illustrate from common experience : Compare water held in an ordinary 
drinking glass with an equal amount spilled on the floor. The difference is 
that the water in the glass is supported on the sides while that on the floor 
is not. Both are acted upon by gravity. 

Water in the water-table may be pictured as contained in a lattice of 
interseeting joints. It is no more supported laterally than at the bottom ; 
but if its downward progress is impeded it will spread laterally. 

In the diagram (figure 1) let us suppose the water at point A has 
three possible directions of movement: paths 1, 2, and 3. Obviously path 
3 is the longest and contains more water to be displaced. Therefore it 
presents greater frictional resistance to flow than either path 2 or 1. The 
volume of water at A will divide itself into proportions directly related to 
the ease of movement in these three directions. The greatest amount will 
take path 1, an intermediate amount path 2, and the least amount path 3. 

Of importance also is the fact that precipitation is not constant bnt 
sporadic, and the water-table is raised at times of heavy rains. Run-off is 
greatest on steep slopes ; consequently the principal increase in height of 
the water-table during storm periods will occur under the divides between 
the valleys. As the rock crevices fill and downward egress is impeded, 
the water in the upraised water table near the slopes of stream valleys, 
unsupported in the direction of the valleys, will move laterally toward 
such outlets—just as water spilled on the floor spreads until restrained by 
surface tension. 

In the foregoing discussion uniform distribution of joint planes of simi- 
lar type is assumed, but obviously, in nature, joints are both more numer- 
ous and more open near the surface than at depth. As noted by Finch * 


29 Op. cit., pp. 204-205. 
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and others *° the degree of openness of joints that permits much flow of 
ground water is confined to a surface zone of limited depth, and Finch 
suggests that ground water is absent in crystalline and jointed rock at 
depths of 2,500 to 3,000 feet. Absence of water in mines has been com- 
monly noted at much shallower depths. 

In a study of water supply in Connecticut, Ellis** found that the 
increased distance between joint planes with increasing depth below the 


FicurE 1.—Diagram of Water-flow Potentials 
The volume of water (A) is actuated by the head (h) to flow in all possible paths 
toward the outlets. Flow is resisted in all these directions but is resisted least in the 
shortest path (1), most in path (3). The water (A) will divide itself into amounts pro- 
portionate to the ease of flow. Homogeneous rock and uniform distribution of joints are 
assumed. 


surface so diminished the available water that it was useless to go deeper 
than 250 feet in well drilling. Although Ellis’s study was primarily in a 
region of crystalline rocks, the principle of diminution of joints with 
depth is valid in rocks of all types. 

It is evident that the more numerous and more open joints near the 
surface will result in increased capacity for circulation and in diminished 
frictional resistance to flow near the surface. Both will greatly favor 


% Cf. M. S. Fuller: Amount of free water in earth’s crust. U. S. Geol. Survey Water- 
Supply Paper 160, 1906, pp. 65-66. And O. E. Meinzer: The occurrence of ground 
water in the United States. U. S. Geol. Survey Water-Supply Paper 489, 1923, pp. 
46-47. 

%E. E. Ellis: Occurrence of water in crystalline rocks. U. S. Geol. Survey Water- 
Supply Paper 160, 1906, pp. 19-28. 
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increased flow of water in the upper phreatic zone as against circulation 
which carries the water deep into the zone of saturation. 

Water flowing along these different paths will enlarge the joint spaces 
by its solutional activity and will reduce correspondingly the amount of 
frictional resistance. Since a larger amount of water flows through the 
upper phreatic path (path 1, figure 1) than at depth, this path will 
become increasingly enlarged and permit more and more water to flow 
through it. Reciprocally, the amount of flow along other paths will 
decrease in proportion. 

The discussion so far has dealt only with the initiation of flow along 
joint planes as influenced by distance, capacity of joints, and frictional 
resistance. The flow of water is obviously facilitated if the water can 
flow from smaller into larger openings. Davis refers to this when he con- 
tends that excavation will not occur more effectively at the level of sur- 
face streams than elsewhere unless a gallery is opened. 

The grade level of surface streams in precisely the level at which 
gallery opening is most easily promoted. The phreatic water, close to the 
water-table slope adjoining a river valley, must drain toward the stream 
level, since that is the lowest level in the direction in which the water 
wall is least supported. Once this flow occurs and solution has opened the 
jointing, incipient galleries promote the drainage of the water table and 
the next increment of the water-table slope is ready to be drained in the 
same way (see figure 2, page 685). No such accelerating process appears 
possible if the phreatic circulation is confined to deep levels and must 
approach the surface drainage outlets from underneath. 


ADEQUACY OF WATER-TABLE DRAINAGE TO FORM CAVERNS 


Before the discussion of the development of caves by the water-table 
hypothesis is continued, it should be demonstrated that solution by 
relatively rapid-flowing water above and in the upper part of the water- 
table is quantitatively adequate to perform the task demanded. To indi- 
cate the sufficiency of this theory I present the argument that the amount 
of solution work in the Kentucky cave region can be explained by the 
infiltration of rain water resulting in the solution of only that quantity 
of rock material which is indicated by the mineral content of water in 
representative, moderately shallow wells. 

In estimating the amount of water which is available to reach the lime- 
stones and produce caves it is necessary to utilize figures for rainfall and 
for the comparative amounts of run-off and of infiltration. Rainfall 
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maps ** agree in showing that the greater part of Kentucky lies between 
the 40-and 50-inch annual rainfall lines. It should be sufficiently con- 
servative for the present purpose to take 40 inches as representing the 
average annual precipitation in the blue grass region. 

An accurate estimate of the relation between run-off and infiltration is 
difficult to obtain. Run-off is influenced in varying degrees by the topog- 
raphic conditions, by the temperature, by the amount of vegetation and 
soil cover, and by the texture and joint conditions of the rock. 

Among the most careful studies are those made in connection with the 
flood-prevention engineering at Dayton, Ohio. Houk * states: 

“In the Miami Valley above Dayton the surface flow is about two-thirds of 
the total runoff, and the ground water flow about one-third. In the Buck Creek 
Valley the surface flow contributes only about 44 per cent of the total and the 
ground water flow about 56 per cent. In the Mad River Valley above Wright, 
including the Buck Creek Valley, the surface flow amounts to about 53 per 
cent of the total and the ground water flow, to about 47 per cent. In the Still- 
water River Valley the surface flow constitutes about 79 per cent of the total 
and the ground water flow, only about 21 per cent. 

“These wide differences in the proportions of surface and ground water 
flow are the result of variations in geological and soil conditions. In the Mad 
River Valley there is relatively large underground storage in deep deposits of 
glacial gravel, while the comparatively loose and shallow surface soil permits 
rapid percolation. Gravel deposits are less extensive in the Miami Valley above 
Dayton, and still less frequent in the Stillwater Valley. Over a considerable 
portion of the latter basin there are but a few feet of residual clay soil 
overlying the bed rock, which generally is limestone. On these drainage areas 
surface slope has but little influence on runoff. In fact the surface slopes are 
steeper over the Mad River drainage area where percolation is great, than on 
the Stillwater where flood runoff predominates.” 


Each individual area shows great variation. The Miami Valley district, 
averaging about one-third ground water to two-thirds surface water, shows 
a maximum of 65.3 per cent ground water in 1895 and a minimum of 19.1 
per cent in 1913. The Stillwater Valley, cited as having the lowest average 
ground water, shows nevertheless nearly 30 per cent in 1917, the maxi- 
mum of five years of observation. 

Studies ** at Rothamsted, England, where the annual rainfall is 30.29 
inches, show a percolation of nearly 40 per cent. Other investigations in 
a region of approximately 25 inches annual rainfall show a minimum 
percolation of 19.6 per cent on dolomitic soil with vegetation cover, and a 


s2C'f, R. deC. Ward: Climates of the United States. New York, 1925, frontispiece. 

37. &. Houk: Rainfall and runoff in the Miami Valley. Miami Conservancy District, 
Technical Rept. pt. 8, 1921, pp. 165-167. 

“#1, BE. Turneaure and H. L. Russell: Public water-supplies. New York, 1924, pp. 
62-63. 
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maximum of 83.2 per cent on sand with no vegetation, an average of 41.7 
per cent. 

More generalized data are given by Folwell,** who says: 

“The percolation may vary within wide limits, but will probably be about 60 


to 70 per cent of the annual rainfall in sand, 25 per cent in sandstone, 15 per 
cent in limestone.” 


All of these data are from engineering sources. The contingencies with 
which engineers are concerned are flood water on the one hand and lack of 
ground-water supply on the other. In both instances the tendency, in the 
interests of safety, is to increase the run-off figures at the expense of per- 
colation. Hence these estimates may be viewed as conservative in the 
matter of available ground water. 

In limestone it is obvious that the amount of infiltration will be less 
at the beginning of solution work and greater after caverns are well 
developed. Keilhack ** estimates that the flow of one limestone spring, 
probably in a region well advanced in solutional development, alone 
accounts for approximately 60 per cent of the rainfall in its drainage area. 

For the present estimate it is doubtless sufficiently conservative to con- 
sider that 15 per cent of the annual rainfall becomes available as a dis- 
solving agent in the limestone. Hence, if 40 inches of rain falls annually 
on every square mile of the Kentucky blue-grass region and if 15 per cent 


sinks in, then 5280 X 5280 X ax 


cubic feet of water per square mile are available to produce solution effects 
in the rocks beneath the surface. 

The calcium carbonate which is taken into solution may theoretically 
reach several tens of thousands parts per million of water. Practically, no 
such figures are ever found. Matson ** gives analyses of water samples from 
74 wells in the blue-grass region. Of the 74 some 23 should be eliminated 
because the wells are either in glacial drift, in alluvium, in rocks other 
than limestones, or are over 200 feet in depth. The average of the remain- 
ing 51 shows 1,931.8 parts of solids per million parts of water. The high 
average of approximately 2,000 parts per million is probably due to the 
inclusion of 10 wells whose waters contain more than 1,000 parts per 
million. Eliminating these 10 the remaining analyses have between 198 
and 966, with an average of approximately 418 parts per million. This 


or approximately 14,000,000 


“AP. Folwell: Water-supply engineering, New York, 1924, p. 191. 

* Konrad Keilhack: Lehrbuch der Grundwasser und Quellenkunde. Berlin, 1912, p. 
- B17. Cf. O. B. Meinzer: Large springs in the United States. U, 8. Geol. Survey Water- 
Supply Paper 557, 1927, p. 92. 

*7 Op. cit., pp. 212-215. 
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figure appears to be conservative and will be used to represent the average 
mineral content of the ground water of the area. All of the solids are 
considered, rather than calcium carbonate alone (although calcium car- 
bonate forms the largest percentage of solid matter in almost every in- 
stance), since all inorganic material carried in the water must have been 
extracted from the country rock. Reduced to terms of volume (parts per 
million by weight divided by specific gravity, or 418 -- 2.7) the mineral 
content equals 155 parts per million. 

A question may be raised about the possible inclusion of carbon dioxide 
and water from the atmosphere in the results of the analyses. The method 
of water analysis commonly pursued yields a figure for total solids which 
represents the mineral material evaporated to dryness. This is not the 
same as the mineral material actually in solution. Fortunately for the 
present purpose the reduction to dryness automatically excludes the water 
and carbon dioxide from the atmosphere since the calcium bicarbonate 
in which they are contained is broken down to calcium carbonate. That 
such is the case will be appreciated from Matson’s analyses (pages 212- 
215) in which the sum of the bases and radicals equals much more than 
the figure given for total solids. 

If each year 14,000,000 cubic feet of water are available for solution 
beneath each square mile of the Kentucky blue-grass region, and if each 
million part dissolves 155 parts (volume) of rock material, then in a single 
year 2,170 cubic feet of rock are taken into solution. If all of the rock 
excavation of a single year were concentrated in one tunnel 3 by 6 feet in 
cross-section, a cavern over 120 feet long would be formed under each 
square mile of surface. The physiographic history of the blue-grass region 
indicates stability for several hundred thousand years. Consequently, if 
this conservative estimate of annual excavation is multiplied by the several 
hundred thousand years through which the solution work has been pro- 
gressing, there is an ample explanation for the cavernous conditions in 
the rocks without postulating deep-seated circulation of saturated water 
for periols that are long even in the geologic sense. 


Puysicat CHEMISTRY OF SorvuTion 
SOLUTION AS A DYNAMIC CONDITION 


To the layman in chemistry, the term solubility seems relatively simple. 
However, like so many subjects which seem simple on superficial examina- 


% The literature on solution is large. The reader is referred especially to W. H, Chapin: 
Second year college chemistry. New York, 1926, p. 159 et seq. J. H. Hildebrand: Soiu- 
bility. Am, Chem, Soc, Mon. Series, New York, 1924, 
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tion, solution is in reality infinitely complex. Solubility implies to most 
laymen the capacity of a substance to be dissolved in a liquid ; for instance, 
sugar can be dissolved in water. This concept, however, is unsatisfactory 
to the physical chemist, who for various reasons prefers a definition which 
emphasizes the solvent rather than the solute, that is, water can dissolve 
sugar.’ Solubility implies the capacity of one substance, ordinarily a 
liquid (the solvent), to dissolve another substance (the solute). 

One of the reasons for this latter view of solubility has a bearing on the 
discussion of rate of solution and the origin of caves and will therefore be 
considered. The chemist prefers to regard solubility from the standpoint 
of the solvent rather than of the solute because of the condition termed 
saturation. Saturation is that condition of equilibrium in a solvent that 
is attained after long-continued contact with an excess of solute under 
given conditions of temperature, pressure, et cetera. Equilibrium is 
defined as the state in which the number of ions of the solute passing into 
solution is equal to the number precipitating out of solution. A solu- 
tion is a dynamic condition. Thus a solvent is always picking up and 
putting down particles (ions) of the solute. When undersaturated, a 
solvent is picking up more than it is putting down in a given time. When 
saturated, it picks up just as many as it puts down. 

Another characteristic of solutions is of importance. A saturated solu- 
tion in which both coarse and fine particles of the solute are present will 
take ions from the small but will deposit ions on the large particles. It is 
a common laboratory phenomenon to have small crystals in a saturated 
solution “distill” on to the large ones. From the laymen’s point of view 
this would seem to indicate that the saturation point with respect to large 
crystals is reached before the saturation point for small crystals ; but when 
a solution is saturated by contact only with small crystals it will be found 
to have the same degree of saturation as if it were exposed only to large 
crystals. This may not be strictly true if the finest particles are extremely 
small. Very fine grinding has been shown to increase markedly the solu- 
bility of certain compounds.*® 


ORIGIN OF CRYSTAL CAVES 


Possibly in this laboratory phenomenon of physical chemistry lies the 
clue to the explanation of the crystal caves which Davis *° mentions toward 
the close of his paper. He proposed to explain them as two-cycle caves 
occupied with water instead of air during the second cycle. 


39 Hildebrand : Op. cit., p. 192. 
#9) Bull. Geol. Soc. Am., vol. 41, 1930, pp. 622-623. 
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Bain’s description ** of crystal caves in the Joplin region is instructive 
and is quoted here at length: 


“While solution is normally most active in the belt of weathering and above 
the water level, it also occurs below, and in exceptional cases its results are very 
important. The Joplin region affords some most striking instances of this 
‘phenomenon. One of the best examples is at the Crystal Cave, in the western 
part of Joplin, owned by James Roach. This is from 10 to.25 feet high, 20 to 
40 feet wide, and approximately 225 feet long. It lies below the normal ground- 
water level, and was discovered only after that level had been lowered by 
pumping. The cave is entirely lined with crystals of calcite of predominant 
scalenohedral form and of unusual size. Single crystals 22 inches long are 
found. The cave is in truth an immense geode. Such caves are not uncommon 
in the region, though this is the largest one examined. The Nickel Plate or 
Sphalerite mine at Aurora includes such a cave. In the Diamond Jack Mine, 
in the Chitwood Hollow, a similar cave was broken into. Smaller caves, 
running down to mere druses and channels a few inches across, are widespread 
and show that the phenomenon is not due to any local cause. 

“In general, large underground caves are formed only where the rocks stand 
high above the controlling water level, and where there is as a result a free 
circulation downward, In this region there is no evidence that such conditions 
ever obtained, and we must conclude that in broken and soluble rocks solution 
may become so important below water ievel as to produce openings of consider- 
able extent. In none of the caves examined were there any stalactites or in- 
crustations of lime, such as are so closely associated with caves formed above 
water level. Instead, the walls are uniformly lined with crystals, which in the 
caves, especially in the Roach Cave, are of great size.” 


The geologic features of the Ozark region have already been discussed. 
Attention was called to the structures favoring artesian circulation and 
to the recurrent theory of remote igneous influence in the origin of the 
lead and zine deposits of the area. Crystal caves might well be related 
in origin, or in the modification of the equilibrium of their solutions re- 
sulting in crystal growth, to these metasomatic processes. It happens that 
most of the crystal caves mentioned by Davis are located in regions that 
have undergone mineralization.” But if the explanation suggested by 
Bain is sound and these caves—forming exceptions to the general rule— 
really represent the work of solution beneath the water-table, then another 
explanation for their peculiar characteristics is worth consideration. Both 
geologic conditions and the chemical principles of solution are involved. 
Hence this explanation views the origin of these caves as an incident in the 
artesian circulation of the Ozark region and their crystal linings as the 
effect of highly concentrated solutions which were building up large 
crystals at the same time that the smaller particles of the limestone were 


41H. F. Bain: Lead and zine deposits of the Ozark region. U. S. Geol. Survey Ann. 
Rept., vol. 22, pt. 2, 1901, pp. 109-110. 
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being dissolved. If the analogy to the chemical laboratory is followed, 
any rock particle slightly larger than the others might serve as the 
nucleus for crystal growth. 


RATE OF SOLUTION 


Rate of solution is another subject when on investigation is found to be 
highly complex. The general law would appear to be somewhat as fol- 
lows: The rate of solution decreases as the concentration increases. In 
another form the principle might be stated thus: The rate of solution is 
constant, but the rate of redeposition of the solute increases with the 
concentration. The two statements lead to the same result in that the 
degree of concentration will be the same in each case after a given time; 
but the second statement has value in emphasizing the chemical view that 
a solution is not a static but a dynamic equilibrium. 

The factors which control the rate at which a solvent will dissolve 
material are numerous; the relation of the most important of these 
factors to the rate of solution is expressed in the following equation : 


d (PS) _+ T, Pp, Poor, A, C, I, H,M. . . 
d (t) 
pS =the proportional saturation (concentration) in unit volume of solvent 


t=time 
T =temperature 
Ps =barometric pressure 
Pco2,=carbon dioxide pressure 
A=area of contact between solvent and solute 
C =size of crystal or fragment of solute 
I=number of ions in solution 
H =hydration of solute 
M = polarity of solvent 
In concise form the mathematical equation states that the rate at 
which a solution reaches saturation is a function of all the different 
factors indicated and that none of the relationships are necessarily con- 
stant. For instance if all of the factors except time are held constant the 
rate of increase of concentration will not necessarily be constant. The 
same may be true of each of the other factors taken individually. 
It is scarcely worth while to discuss all the factors,*? but it is necessary 
to emphasize that the rate of solution is a highly complex variable and that 
the geologist usually has available but few of the data involved. 


42 Cf. Hildebrand : Op. cit. 
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Davis ** speaks of the question of the rate of solution as follows: 


“. . . Imperfectly carbonated vadose water may, after its flow is con- 
centrated in enlarged low-level galleries as explained above, run out of them 
hurriedly before it is saturated with the little limestone that it can carry. 
Weller’s experience in Kentucky caves confirms this inference; he concluded 
that ‘streams flowing through cave passages move comparatively swiftly and 
their waters are rarely in contact with the limestone for a sufficient time’ to 
become saturated. 


The implication which Davis seems to make is that saturated solutions 
are necessary to account for significant solution. If I interpret Davis’ 
meaning correctly I can not agree. Large quantities of water are more 
effective. A solution of low concentration dissolves more rapidly than a 
highly concentrated solution. Four volumes of water become one-fourth 
saturated with CaCO, or any similar solute under ordinary conditions in 
far less time than one volume becomes completely saturated. And the 
“imperfectly carbonated vadose water” will not acquire additional CO., 
no matter how far or how long a time it may eventually wander as deep 
phreatic water. Since the greatest factor in the dissolving power of 
ground water is the presence of CO., the exhaustion of the carbon dioxide 
largely prevents further solution. 


FoRMATION OF DRIP-STONE DEPOSITS 


The formation of drip-stone deposits assumes significance in the Davis 
discussion as one of the elements which necessitates the two-cycle phase 
of cavern activity. I believe that undue importance has been placed on 
the formation of drip stones by Davis. Stalactites and stalagmites and 
other similar deposits may be explained reasonably if the variable nature 
of water supply in caverns is taken into account. 

In general three ways for the formation of drip stones may be sug- 
gested. First, as ground-water works downward it may find itself caught 
in fissures of decreasing size and its egress impeded, even though this out- 
let is the ceiling of a cave. The water so retarded dissolves calcite from 
the walls of its enclosure and becomes highly concentrated. As it drips 
slowly from an outlet mineral material is deposited. This deposition can 
be attributed to the loss of CO, and to evaporation because of two principal 
factors. (1) As the water assumes the drop form, it presents a relatively 
greater surface to the air than when it was retarded in the fissure; (2) 
as the drop grows larger, the pressure on it from surface tension decreases, 
and when it eventually detaches itself the changes in shape which it under- 


# Bull. Geol. Soc. Am., vol. 41, 1930, p. 506. Also, J. M. Weller: Geology of Edmon- 
son County. Kentucky Geol Survey, ser. 6, vol. 28, 1927, p. 63. 
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goes again affect the surface-tension pressures which in turn affect its 
ability to retain carbon dioxide. 

Second, rapidly downward-moving water, even at times of copious 
flow, may through agitation have its internal equilibrium disturbed 
sufficiently to lose CO, and may thus be induced to deposit a thin film of 
calcium carbonate. Again the deposition is to be attributed to evaporation 
and rapid changes in drop shapes and sizes with accompanying changes in 
surface tension. 

A third way in which drip stones may be formed is suggested by one of 
King’s observations. In his study of the relations between pressure and 
flow, King ** noted a discrepancy in his results which he attributed to the 
film of water in contact with the container or the grains of sand. In this 
film, flow was not as rapid as in the main threads of flow. This effect is 
similar to that commonly observed when one empties a pan of water and 
finds after setting it down that some liquid has drained off the inner sides 
and collected on the bottom. In ground-water flow a similar effect may 
undoubtedly be found. Following times of considerable precipitation and 
flow of water through open channels, there is a period in which the water 
film which has been in contact with the surface of the rock and is, there- 
fore, relatively highly concentrated drains toward the outlet of the pas- 
sageway. This solution is undoubtedly one of the principal sources of 
drip-stone deposits. If it falls from the ceiling, washes or splashes over 
the walls, loss of CO, and evaporation will cause deposits of CaCOQ,. 

The possible effect of bacterial action has not been investigated, but it 
should be considered as a possible fourth factor. 

The marked change in physiographic relations which Davis postulates 
to explain the origin of drip-stone deposits does not appear to be neces- 
sary. In each of the ways suggested above drip-stone deposition may 
accompany the formation of the cave whenever the cavern is largely air- 
filled. 


DEVELOPMENT OF UNDERGROUND DRAINAGE SYSTEMS 


Having discussed the adequacy of the water-table hypothesis to explain 
cavern formation, the possibility of the origin of crystal caves through 
the work of saturated solutions, the rate of solution and its bearing on 
the relative effectiveness of both nearly saturated and undersaturated 
waters, and the origin of drip stones, I wish to amplify the water-table 
hypothesis by outlining the process of integration of subsurface drainage 
which results in cavern systems. 


44 Op. cit., p. 206. 
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Precipitation falling on the surface soaks into the soil material as 
rapidly as it can. The surplus constitutes the run-off. Surface streams 
develop from the concentration of the run-off, and as they develop, they 
cut headward. This phenomenon of the headward cutting of streams re- 
sults in the well-known development of a dendritic system. The integra- 
tion of drainage systems is also accompanied by the changes described as 
piracy. 

The development of underground drainage according to the water-table 
hypothesis follows a similar process. As soon as the initial surface 


Figure 2.—Diagram to show successive Increments of Water-table Drainage 
Ground water in (A) drains readily. The water in (B) then is unsupported laterally 
and drains out. Thus successive increments are drained until, ultimately, the water- 
table is reduced to a gentle gradient near stream level. 


streams begin intrenching, the mobile ground water finds itself unsup- 
ported in the direction of the valley walls. At times of copious rainfall, 
the joint interstices are filled and water will escape more readily toward the 
valley wall than downward. Thus the upper part of the water-table begins 
to drain laterally. In limestone regions such movement, at first con- 
fined to the very margins of the valleys, opens the joint spaces by solution 
and permits the water in the crevices which adjoin these open fissures to 
empty into them, thus enlarging the lateral drainage of the water-table. 
Figure 2 shows how successive increments of the water-table become un- 
supported and drain laterally. Joint zones, areas or beds of soluble rock, 
preexisting openings, and other weaknesses of the rock, localize the flow 


XLV—BUuLL. Soc. Am., VoL. 43, 1932 
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into channels. The larger of these channels extend themselves at the ex- 
pense of small neighboring channels. 

In every respect this lateral enlargement of underground channels is 
analogous to the headward cutting and the integration of surface streams 
except that the network system of joints through which some deep-seated 
drainage previously may have taken place in carrying water from the sur- 
face downward, must be adapted to the new direction of lateral movement. 
The vertical dimension is important in the consideration of water-table 
drainage as compared with surface drainage. Anomalous conditions are 
undoubtedly to be found as this system of small vertical openings becomes 
adjusted to the rapidly increasing lateral drainage. Effects similar to 
stream piracy must be frequent in occurrence as more rapidly growing 
streams sap the reservoir supplies of neighboring drainage systems. 
Piracy of surface streams will also occur.*® 

The water-table in the earliest stages of the dissection of a limestone 
plateau exhibits relief only near the youthful valleys. As dissection pro- 
gresses, the relief at first increases, but as the lateral extension carries the 
drainage farther away from the trunk streams into the divides, the relief 
of the water-table is reduced. The analogy to the erosion cycle is quite 
evident ; but the water-table reaches the “‘peneplain” stage long before 
the land-surface. The streams in the top of the water-table develop even- 
tually a normal gradient sloping gently upward from the level of the trunk 
surface drainage. The streams will branch throughout their course and 
will at length finger out and up into a fine-meshed network of slightly 
open joints, small caverns, and irregular, intricate passageways. 

At times of heavy precipitation all of these openings are filled with 
water and the water-table is temporarily raised. With the development of 
an integrated underground drainage the water will flow more rapidly 
through this intricate system and will drain readily into the larger cavern 
channels and finally into surface streams. In the lower levels of Mammoth 
Cave the water rises tens of feet during rainy periods but this elevated 
water-table is maintained for only a few days. During such periods the 
ceilings of caves are washed and network passages may be flooded. 


RELATION OF CAVE FORMATION TO PHYSIOGRAPHIC DEVELOPMENT 


If a land surface of practically no relief lies at a low level and is under- 
lain by limestone, surface drainage will take place by means of extremely 
slow run-off, and the surface streams will be poorly integrated. The 


4 C. L. Dake and J. Bridge: Subterranean stream piracy in the Ozarks. Bull. Missouri 
School of Mines, vol. 7, 1924, pp. 3-14. 
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ground water will everywhere lie close to the surface, and the water-table 
will nearly coincide with the surface. The deep-seated circulation will 
be actuated by an extremely low head and, therefore, will be very slow. 
Consequently the ground water will be saturated or nearly saturated with 
mineral salts. Any small openings or tiny caverns that may form will 
tend to be filled by the growth of crystals from the walls of the openings. 
As the water-table is so close to the surface little circulation takes place 
above it and the amount of solution above the water-table will be smali. 
Below the water-table the very sluggish deep-seated circulation involves 
saturated or nearly saturated water which is more likely to deposit than 
dissolve. 

If the assumed low-level surface becomes uplifted there is, for the time 
being no change in the conditions as noted above. However the surface 
drainage soon becomes accelerated as streams begin to incise small valleys 
at the borders of the region and grow headward. The run-off increases 
near the streams as the valleys begin to develop. The velocity of flow of 
the deep-seated circulation increases, and this flow is directed toward the 
lowest outlets in the incipient trench-valleys at the borders of the uplifted 
region. If the region is not large, if the precipitation is copious, and if the 
joints are open or the structure favorable, the deep-seated circulation may 
fall enough below saturation to dissolve not only the rock material but 
the crystals which developed in the earlier epoch. In the main, the water- 
table may be slightly lowered but is still nearly horizontal and close to the 
surface, fluctuating only as the capacity of the deep-seated circulation 
increases. The water-table becomes lowered near the borders of the region 
close to the intrenching, headward-growing streams, and at the same time 
the lateral drainage in the water-table begins (see figure 2). 

As the uplifted surface becomes increasingly dissected by gorgelike val- 
leys, the run-off increases correspondingly. The water-table begins to 
show considerable relief, and the water-table zone shows the development 
of lateral flow, particularly at times of precipitation. The capacity for 
lateral flow increases as the rock openings become enlarged. Because of 
the lateral flow the head of water is reduced, and the deep-seated circula- 
tion diminishes. It is present only at times of abundant precipitation 
when the water-table is unduly raised and flow is directed toward the 
lowest point of surface drainage. 

As the dissection of the uplifted plain increases with the extension of 
tributaries, the gorgelike valleys change to the rounded valleys of matur- 
ity. The run-off increases because of the ramification of the drainage 
system and the extension of the slopes of the valley sides. The water-table 
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in these circumstances is reduced in relief. It fluctuates only moderately 
with the rainfall because of the decreased amount of infiltration and be- 
cause of the enlarged lateral outlets, but at times of heavy rainfall, flooding 
of passages occurs, and hence network passages persist. The underground 
drainage becomes well-integrated and is directed toward the lowest nearby 
well-developed trunk streams. Close to tributary streams some lateral 
cave formation may occur, but in general the water-table shows slight 
relief and possesses a gentle gradient away from the principal streams. 
The deep-seated circulation is practically stagnant. The development of 
crystal caves below the water-table may again occur because of the slow 
motion of the saturated ground water. 

If uplift at any time interrupts this normal development, a repetition 
of the process will cause the development of new water-table outlets at the 
new lower level. 

Along with the subsurface development there is a topographic evolution, 
involving the deepening and intergrowth of sink-holes. Various writers * 
have described such developments. Recently Krebs ** published his inter- 
pretation of the topographic evolution of the Dalmatian karst. Krebs’ 
views are of interest in connection with the present paper, for in the karst 
the level of the water-table has been conditioned by the structure so as to 
promote the development of the basin-flats (poljen) in consonance with 
structural dams. Krebs attributed the origin of the poljen to solution 
planation near the water-table. The stages in the topographic evolution 
consist of, first, the growing together of the dolines (or ponore) into 
irregular, longitudinally disposed, valleylike sink-holes—the uvalas; 
second, the integration of the uvalas into the poljen. Krebs ** says: 


“Dicht nebeneinander liegen in Hochkroatien alle Formen, die fiir den Karst- 
zyklus kennzeichnend sind: die kleinen, jungen Dolinen auf einer Verebnungs- 
fliiche, die eben erst der Verkarstung ausgesetzt ist, in dem Masse, in dem der 
sie bedeckende Alluvialboden abgetragen wird, die Entwicklung mehrerer 
hundert Meter tiefer Dolinen zwischen schmalen Stegen im ‘reifen’ Karst des 
Velebit, das Zusammenwachsen verbreiterter und keiner neuen Vertiefung 
mehr zugiinglicher Karstwannen zu Uvalas, Poljen und Ebenheiten, und 
schliesslich die véllige Aufzehrung des Karstwellenlandes bis auf ein paar 
Felsklippen, die die neue Ebene tiberragen.” 


46 See, especially, A. K. Lobeck: The geology and physiography of the Mammoth Cave 
National Park. Kentucky Geol. Survey ser. 6, pamphlet 21, 1928. E. M. Sanders: The 
cycle of erosion in a karst region (after Cviji¢). Geog. Rev., vol. 11, 1921, pp. 593-604. 

47 N. Krebs: Ebenheiten und Inselberge im Karst. Zeitsch. d.°Gessell. f. Erdkunde z. 
Berlin, 1929, pp. 81-94. 

48 Idem, pp. 93-94. 
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VADOSE-WATER HYPOTHESIS 


Davis’ OBJECTIONS TO THE VADOSE-WATER HYPOTHESIS 


GENERAL STATEMENT 


Earlier in this paper (page 667) the observed facts which Davis found 
to be opposed to the vadose-water hypothesis were summarized. Inte- 
grated subsurface drainage systems, vertical and horizontal openings with 
multiple network passages, and roof markings indicative of solution will 
find adequate explanation if the outline of development given on the 
preceding pages is accepted. 


NETWORK PASSAGES 


Since Davis places special emphasis on the presence of network pas- 
sages, further discussion of this point may not be out of place. A cardinal 
principle in the water-table hypothesis involves the concept of a fluctuat- 
ing ground-water level. The water-table is a retaining reservoir which 
becomes full at times of heavy rains and releases its water only as rapidly 
as its outlets will permit. Cviji¢’s three hydrographic zones relate to this 
principle: the second zone “is intermittently dry and wet; its caverns and 
channels may be flooded for considerable periods but not permanently.” * 

If it is necessary to convince readers that precipitation is irregular, at 
least in the belt of prevailing westerlies, reference may be made to the 
studies of the Miami Conservancy District (Dayton, Ohio) of storm 
rainfall in the eastern United States. One of the striking results is that 
in the 25-year period 1892-1916, there were in the eastern United States 
160 3-day storms during which the precipitation equalled or exceeded 6 
inches at five or more Weather Bureau stations.*° In other words a 3-day 
storm, during which from 10 to 20 per cent of the average annual precipi- 
tation occurs, is not uncommon in the eastern United States. 

The effect of these heavy rains, and of the more common lesser storms, 
is to build up the water-table, to fill and maintain the network systems, 
and to promote solution in places where in dry seasons, it does not seem 
reasonable to expect it. 


OFF-SHORE OUTLETS 


One objection to the vadose-water hypothesis has not yet been discussed, 
The presence of submarine fresh-water outlets along coastlines can not 
be explained by the water-table hypothesis if the continued stability of 
the coastline is postulated, but it can be shown that the coastal portions 


49 E. M. Sanders: Op. cit., p. 596. 
% Engineering Staff: Storm rainfall of eastern United States. Miami Conservancy 
District, Technical Rept., pt. 5, 1917. 
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where such submerged caves are found have not been static in recent 
geologic time. To explain the formation of these caves by means of the 
Davis hypothesis which implies long-continued stationary periods would 
be to disregard the facts. 

One example may suffice to illustrate the argument. Vaughan * has 
summarized the geologic history of the Floridian plateau since Eocene 
time. Five periods of marked uplift were followed by submergence. 
These changes of level were not limited to simple vertical shifts, but most 
of them involved tilting or broad folding. 

Uplift of only 200 feet is required to explain the now submerged out- 
lets near Saint Augustine. Vaughan estimates, in the absence of precise 
data, that the emergence at the close of the Pliocene was not over 200 feet 
and was accompanied by some deformation.** No figures are given for the 
other uplifts. That the sea is only 50 feet deep near the springs, which 
emerge from a 200-foot depth, may possibly be accounted for by assuming 
that subsequent deposits on the sea-bottom were prevented by the force of 
the flow from accumulating over the spring outlet. The Saint Johns 
River valley with a depth of 65 feet ** below mean tide opposite Jackson- 
ville—not, of course, including valley filling—helps to substantiate this 
change of level. 

Matson and Sanford ** report that Florida wells as deep as 2,000 fect 
do not show salt water. Such migration of fresh water with the accom- 
panying displacement of salt water suggests deep-seated circulation. 
Although the Badon Ghyben-Herzberg ** principle applies primarily to 
the displacement of salt by fresh water in porous materials, it can be ap- 
plied here if limiting factors are recognized. So it may be said that a 
relief of 100 feet above sealevel will enable fresh water to push out saline 
water with a density of 1.02 to 1.03 (a reasonable estimate for the Florida 
coast °°) to depths of 5,000 to 3,000 feet if friction, capillarity, and diffu- 
sion of saline into fresh water be disregarded. The penetration of fresh 
water to 2,000 feet is the result of the attempt to balance the pressure of 
the salt-water column and the fresh-water column. Displacement of salt 


%7T,. W. Vaughan: A contribution to the geologic history of the Floridian plateau. 
Papers Tortugas Lab. Carnegie Inst. of Washington, vol. 4, 1910, pp. 181-184. 

52 Idem, p. 167. 

53G, C. Matson and F. G. Clapp: A preliminary report on the geology of Florida with 
special reference to the stratigraphy. Florida Geol. Survey Ann. Rept. 2, 1909, p. 172. 

5% G. C. Matson and 8. Sanford: Geology and ground waters of Florida. U. S. Geol. 
Survey Water-Supply Paper 319, 1913, p. 208. 

5 See J. S. Brown: A study of coastal ground water. U.S. Geol. Survey Water-Supply 
Paper 537, 1925, pp. 16-18. 

See Sir John Murray and J. Hjort: The depths of the ocean. London, 1912, p. 242 
et seq. 
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water by fresh water to the extent determined by the relief and limited 
by factors of friction, capillarity, and diffusion will occur independent of 
any circulation which may be developing in the water-table zone, and 
the head causing this displacement will not cause deep-seated flow. 
Hence, the evidence does not preclude the interpretation of the off- 
shore springs as outlets of caves formed according to the water-table 
hypothesis, if due consideration is given the history of the region involved. 


PrRoPosED TESTS 


As a conclusion to this discussion of the ways in which cavern systems 
may be developed I wish to suggest methods by which the genetic factors 
may be evaluated in further investigation. The principal criteria to be 
sought are: (1) The levels and the profiles of integrated systems, (2) the 
orientation of such systems to major surface drainage, and (3) the pres- 
ence of crystal deposits, in contrast to drip stones. 

(1) The integration of cavern channels through deep phreatic circula- 
tion will be guided largely by easy avenues of flow. Hence integrated sys- 
tems, if formed by deep circulation, should not be expected to coincide in 
level but should be found scattered at several elevations without regard to 
the levels of the surface-drainage lines. In contrast, subterranean drain- 
age channels formed by lateral water-table drainage should be best de- 
veloped near the stream channels and gradually change into minor caverns 
away from the streams and under the upland divides. In regions where 
caves have been excavated by lateral water-table flow, the levels of the 
integrated cavern systems should coincide with only minor differences in- 
duced by changes in exterior drainage, by differences in rock solubility, 
and by irregularities in the prevalence of joint openings. 

In general, caves formed by deep circulation should show profiles 
markedly horizontal only in the areas intervening between the upland 
divides and the surface drainage lines. Near the divides and near the 
major surface streams the caverns should tend to finger upward into 
vertical tubes, since in the vertical orientation of deep-seated circulation 
the dominant drainage direction is downward under the uplands and 
upward near the streams. Of course due account must be taken of the 
progress of valley development in the present physiographic stage. In 
contrast to this type of profile is that described in the foregoing paragraph 
for caves formed by lateral water-table flow. 

(2) At the beginning of the second cycle in the Davis theory the deep- 
seated circulation with its network of passageways, inherited possibly from 
long stages of low-lying land surface, will find its rate of flow accelerated at 
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the start of the cycle in the direction of the approaching youthful valleys. 
This accelerated drainage should be reflected in enlarged subsurface chan- 
nels which would be oriented not toward the present stream valleys but 
in some downstream direction toward which the early deep drainage first 
found outlet. In contrast to this oblique orientation of caverns excavated 
by deep-seated circulation, the caves excavated by lateral water-table 
drainage should approach the trunk streams directly and should therefore 
be oriented approximately at right angles to the general direction of the 
trunk-stream courses. Some exceptions should be noted in the cases of 
caves excavated in areas of tilted rocks where structural control intervenes. 

(3) Because of the saturated condition of the ground water which must 
occur in deep-seated, stagnant circulation, precipitation of mineral mat- 
ter may go on while the rock materials are actually being dissolved. Such 
precipitation will be in the form of crystals rather than drip-stone de- 
posits. Crystal caves may be taken as diagnostic of deep-seated ground- 
water circulation to an extent indicated previously (ante, page 681), 
and the presence of layers of crystals beneath drip-stone deposits in present 
accessible caves should be looked for. Their absence is not conclusive 
evidence that the effect of deep-seated circulation is small; but their 
presence would serve to indicate that such circulation was significant. 

The foregoing criteria are available for field use. So far as my field 
observations have proceeded the caves of Bermuda and Kentucky indicate 
that lateral water-table drainage is more effective in the production of 
caves than any other means of ground-water circulation. 


CONCLUSIONS 


Both deep-seated and near-surface circuiation of water must produce 
solution effects. Minor features such as enlarged joint openings may be 
formed by either or both types of circulation but the development of large 
and integrated cavern systems appears to be best explained by near surface 
water which flows laterally in the fluctuating top of the water table toward 
the principal surface streams. Further observation is clearly essential 
to the solution of the general problem. 

To quote from Professor Davis’ conclusions: 


“Whatever theory of excavation an observer may prefer, it will be his 
scientific duty to welcome all theories hospitably and to make himself equally 
responsible for the impartial discussion of every one of them. Only when he 
is thus mentally equipped for cave exploration, can he take best advantage 
from his opportunity underground. Whatever theory is under consideration, 
its relation to the general physiographic evolution of a cave district should be 
clearly defined, and a provisional place should be found under it for every item 
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of observed cave form. Doubtless many items may be, for a time, incorrectly 
explained by false processes and erroneously assigned to false places; but in the 
end, after many studies of many caverns have been made by many observers, 
errors will be ruled out and a successful theory of cave origin will survive.” * 


57 Bull. Geol. Soc. Am., vol. 41, 1930, p. 623. 
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INTRODUCTION 


The recognition in 1927 * of the stratigraphic succession and structure 
of the formations in the east side of the Cascade Mountains suggested 
that an enlargement to the John Day formation might extend westward 
from central Oregon to and under the Cascade Mountains. Since the 
discovery by Condon in 1868, the study of the John Day formation has 
been restricted to central Oregon. Few extensions from this classical 
area have been found. Hence, the many studies of vertebrate forms have 
furnished stratigraphic data for only a portion of it. The discovery, 
therefore, of a large new fossiliferous area in the upper part of the forma- 
tion was fortunate and may lead to important conclusions. 

John C. Merriam has long since made the John Day fossils familiar 
and interesting to Oregonians. Therefore, when this discovery was made 
in the Deschutes canyon and at the base of the Cascade Mountans, it re- 
ceived widespread newspaper notice. A formal report of the discovery 
was delayed pending the detailed study of the material by W. D. Matthew. 
Doctor Matthew’s wish to make a further study of the Promerycochoerus 
and Blastomeryx material was unfortunately never realized. The conclu- 
sions given below are based on the determinations of E. L. Packard, R. A. 
Stirton, and W. D. Matthew. 


* Manuscript received by the Secretary of the Society May 24, 1932. 

1 Edwin T. Hodge: Composition and structure of the Cascade Mountains of central 
Oregon. Bull. Geol. Soc. Am., vol. 38, 1927, p. 162. Framework of Cascade Mountains 
in Oregon. Pan-Am. Geol., vol. 49, 1928, pp. 341-357. Structure of the East Side of 
the Cascade Mountains. Northwest Sci., vol. 2, no. 4, 1928, p. 107. 
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Fossit List 


The fossils found are given in the list below. 


Artiodactyla 
Suidae 
Dicotylidae 
Thinohyus 
(Locality 709) Upper and lower teeth. 
Oreodonta 
Oreodontidae 
Promerycochoerus 
(Locality 700) 
1. Rostral and frontal regions of skull. 
2. Distal end of femur and radius. 
3. Proximal end of radius, two tibias, and scapula. 
4. Fragments of ulna, of condyle of jaw, of maxillary and pre- 
maxillary with broken teeth and roots (P*—1'), and meta- 
podials. 
5. Fragmentary vertebra. 
6. Superior molar, M?. 
_ 7. Astragulus. 
(Locality 703) Fragmentary upper jaw. 
(Locality 1000) 
1. Astragulus, last lower molar, and two fragmentary upper 
molars. 
(Locality 699) 
Eporeodon 
(Locality 702) Milk tooth DP*. 
Tylopoda 
Camelidae 
(Locality 1503) Camel proximal phalanx. 
Tragulina 
Hypertragulidae 
Hypertragulus 
(Locality 1503) Astragulus. 
TPecora 
Cervidae 
Blastomeryx 


(Locality 700) 

1. Two M?, one M’, one P*, two P*, and two tusks C*. 
(Locality 701) 

1. Complete tarsus. 

2. Distal end of tibia and of two cannon bones. 

3. Many fragmentary vertebrae. 

4, Fragmentary femur. 

5. Numerous other fragments. 
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FOSSIL LIST 


Equidae 
Anchitheriinae 
(Locality 700) Miohippus or Parahippus. 
1. Distal end of cannon bone, and astragulus (gnawed by 
rodents). 
(Locality 1502) Limb bone fragments. 
(Locality 1503) Calcaneum, astragulus, proximal phalanges. 


LOCALITIES 


Fossils were found in widely separated localities in the John Day forma- 
tion as it was traced from north central Oregon to the Deschutes River, 
that is, from east to west. The localities, with a brief description of each, 
are given below. 

Locality 709 is half a mile west of Antelope and north of the Antelope- 
Hay Creek Highway. Fossils were found in the upper part of the John 
Day formation, close to its contact with the Columbia River basalt. 

Locality 702 is an isolated occurrence of the John Day, forming a hill 
capped with a small residual mass of Columbia River basalt; it lies east 
of the junction of Antelope and Trout creeks. 

Locality 699 is at the point where the John Day formation is exposed 
in the canyon tributary to Trout Creek that is followed by the railroad line. 

Locality 700 is on the north side of lower Trout Creek valley, three 
quarters of a mile northeast of Kampfer’s Ranch. 

Locality 1000 is in the middle of an exposed John Day formation sec- 
tion northeast of Kampfer’s Ranch in the southwest quarter of the north- 
west quarter, section 12, township 9 south, range 14 east. 

Locality 703 is 14% miles north 50 degrees east of the old Coleman 
Post Office on lower Trout Creek. 

Locality 1503 is in section 31, township 8 south, range 14 east, on the 
east side of the Deschutes River and south of the Warm Springs River. 

Locality 1502 is half a mile south of Locality 1503 in section 6, township 
9 south, range 14 east. The horizon from which the material was collected 
is 125 feet below the contact between the John Day formation and the 
Columbia River basalt. 

Locality 701 is in the northwest quarter of the northeast quarter of sec- 
tion 6, township 9 south, range 14 east and is probably a continuation of 
Locality 1502. It is three quarters of a mile west of the old Coleman Post 
Office and just within a draw. 

At all the localities the Columbia River basalt forms a rim rock above 
the John Day formation, and there is no other formation on top of the 
basalt from which fossils could be obtained. In no place is the lower 
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part of the John Day exposed, nor is there a possibility of exposure of its 
base if its usual thickness is maintained in this area. 


AGE OF THE FOssILs 


In the table below, the age of the fossils found is given according to 
the conclusions of H. F. Osborn.? 


Eocene Oligocene Miocene Pliocene Pleistocene 


Promerycochoerus 

x 


Thinohyus is found in the Harrison and Rosebud formations of the 
Great Plains of South Dakota. Osborn (page 232) says, “In these forma- 
tions occur fossils similar to those of the John Day Promerycochoerus 
zone, but that appear more recent such as Thinohyus, which is much 
more modified than any species of the John Day.” 

Hypertragulus was found only at one locality, 1503. The Hypertra- 
gulus of the John Day formation is generally said to be a typical John 
Day Oligocene form. In the Oligocene of the White River, it occurs as a 
hypertraguloid of the plains type and apparently did not extend beyond 
the Upper Oligocene. 

All the other forms found are of Upper John Day age or younger. The 
most abundant of these forms is Promerycochoerus, which occurs in three 
localities, all on the north side of Trout Creek between the Deschutes 
River and The Dalles-California Highway. Of this form Matthew ® said, 
“Promerycochoerus is the very latest phase of the Rosebud formation,” 
and “it runs up into the Mascall. Its earliest occurrence is in the upper 
part of the Lower Miocene.” It has previously been noted that Promery- 
cochoerus appeared suddenly and unheralded in the Upper John Day, and 
in this formation and others it is a characteristic form of the closing of 
the Oligocene and the opening of the Miocene in North America (Osborn, 
page 231). Thus, in the Great Plains of South Dakota in the Harrison 
and Rosebud formations, the Promerycochoerus zone and the associated 
fossils also give evidence of a transition into the Miocene. 


2H. F. Osborn: The age of mammals. Macmillan, 1910. 
’W. D. Matthew: Personal communication. 
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Eporeodon occurs in one locality. It is a form characteristic of the 
second phase of the Upper Oligocene. 

Miohippus (?) occurs in three different localities. It has long been 
known as a characteristic form of the John Day. 

Parahippus (7?) occurs in three localities. The form found is either 
Parahippus or Miohippus ; Stirton * is of the opinion that it is Parahippus. 
This form has been collected before in the third stage of the Upper John 
Day (Osborn, page 233), but it is a form more characteristic of the 
Miocene than of the Oligocene. In the Miocene, Parahippus is found in 
Lower and Middle zones. The most interesting occurrence of Parahippus 
is that in the Snake Creek formation of western Nebraska, where it is 
intermingled and associated with many other forms characteristic of the 
Lower Pliocene (Osborn, page 365). 

Blastomeryz occurs at two localities. This is by far the most interest- 
ing and significant fossil found in the new area of John Day formation. 
In the first place, it has never been found before in the John Day, though 
it is well known in the Miocene and Lower Pliocene formations elsewhere. 
Thus, it occurs in the Upper Miocene of Madison Valley, a formation 
composed in part of volcanic ash, like the John Day formation. Delay 
in the publication of this note was due to Matthew’s expressed wish to 
make a detailed study of the Blastomeryx forms. This was never done, 
but says Stirton: 

“Some interesting comparisons were made with the Blastomeryr from Ore- 
gon and Blastomeryx primus Matthew from the Upper Rosebud, Lower Miocene 
of South Dakota. This is a new record for the John Day. This is a Blasto- 
meryx, a forerunner of the deer. The teeth and tusks of this specimen I am 
sending on to the American Museum for Doctor Matthew to compare with the 
Lower Miocene species from South Dakota and the later Miocene forms from 
Wyoming and Colorado. The specimens at hand compare rather closely with 
Blastomeryx primus Matthew from the Upper Rosebud, Lower Miocene of 
South Dakota.” 


In addition to the above forms, other material too fragmentary for 
positive identification was found. Since the time of our discovery the 
area has not been thoroughly searched, and the writer believes that a sys- 
tematic exploration of this large new John Day area may reveal very im- 
portant material. 

Of the eight forms found, only two have a range as low as the Lower 
Oligocene and four as low as the Upper Oligocene; two range from Upper 
Oligocene to Lower Pliocene and one to the Pleistocene. As to the 


4R. A. Stirton: Personal communication. 
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abundance of material found, those of the Lower Oligocene horizon are 
rare, of the Upper Oligocene are abundant, and those of the post-Oligocene 
are common. 


AGE OF THE JOHN Day ForMATION 


From Logan Butte, section 4, township 19 south, range 20 east, north- 
westward to the Warm Springs Indian Reservation just west of the Des- 
chutes River, a distance of 80 miles, the John Day exposures show a ris- 
ing stratigraphic level. In these new localities from near Antelope to 
Warm Springs Indian Reservation, an east-west distance of 30 miles, the 
Thinohyus forms of the Lower John Day occur at each extreme location, 
but the forms of the Upper John Day and post-John Day occur only at 
the westernmost location. 

The character of the change from Oligocene to Miocene times in North 
America is still undetermined. Evidence of a transition is given in the 
Arikaree (Upper Harrison or Upper Rosebud formation), where mam- 
mals characteristic of the Oligocene are associated with those of the Lower 
Miocene. Here, at the foot of the Cascade Mountains, we apparently have 
further evidence indicating a transition between the Upper Oligocene and 
the Lower Miocene. The new locality also gives promise that detailed 
exploration of this area may reward vertebrate paleontologists with mate- 
rial by which they may more definitely indicate the character of this 
change. 

Moreover, this area indicates that the Oligocene itself is not separated 
by a large unconformity from the Miocene. The John Day formation ap- 
pears to be one that bridges the gap between the Oligocene and Miocene 
periods. Whether the evidence is sufficient to justify a change in our dating 
of this portion of the Tertiary in Oregon is a matter for the vertebrate 
paleontologists to decide. It is evidence decidedly worth considering. 

Either the forms.discovered have a greater range than hitherto noted, 
or the upper John Day is equivalent to what has hitherto been considered 
Lower Miocene. The latter point of view seems more probable. If it 
should turn out to be true, it would prove that the newly discovered sec- 
tion of the John Day formation represents a higher horizon than previ- 
ously known and that the horizon is at least Lower Miocene in age. 

The fossils here reported are the first ever found in the John Day forma- 
tion that furnish paleontologic proof of the Lower Miocene age of this 
formation. The evidence referred to above and found elsewhere has long 
indicated such a possibility, as has also the small erosional unconformity 
between it and the Columbia River basalt. The structural and strati- 
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graphic evidence also points to the same conclusion. Thus the Eocene 
Clarno is not only greatly folded in comparison with the John Day 
formation and the Columbia River basalt, but between the Clarno and 
later formations, especially the John Day, there is a large unconformity. 
The John Day, on the contrary, is folded but slightly and only in places. 
Between it and the Columbia River basalt may be found, at places, only 
a slight unconformity. 

The greatest difference between the John Day formation and the Co- 
lumbia River basalt is in their lithic composition. Both are of magmatic 
origin, but the John Day formation is composed of ashes and a few thin 
flows of rhyolitic material, whereas the Columbia River basalt is com- 
posed of an olivine-free basalt (hawaiite). The two formations are 
chemically dissimilar, and if they belong to one geologic period and to one 
magmatic expression, it would be exceptional. The writer believes, how- 
ever, that both could represent exudations from one magmatic reservoir, 
the John Day being the persilicic magmatic differentiation blown off as 
ash during the first stage of vulcanism and the Columbia River basalt 
flow the subsilicic differentiation that welled up in much greater volume 
during the last stage of vuleanism. From this point of view, the John 
Day formation and the Columbia River basalt would belong to the same 
geologic period, be it Oligocene or Miocene. 

The John Day formation, in its upper part, in addition to the vertebrate 
forms found, contains a great deal of fossil wood. Apparently the vol- 
canic ashes of the John Day formation periodically fell on scattered trees 
which furnished subsistence to the browsing animals. 

The John Day, as followed eastward from the Warm Springs Indian 
Reservation locality, does not change greatly in thickness, but the horizons 
represented change from younger to older ones. This indicates that those 
heds closest to the Cascade Mountains were deposited last and contain the 
youngest of forms. In the Warm Springs area the base of the John Day 
is not observable, and it is not known whether the oldest John Day is 
present. The general character of the John Day indicates eolian deposi- 
tion in or near lakes. Therefore, the presence of the highest vertebrate 
forms close to the Cascade Mountains suggests that as the vulcanism 
which produced the John Day ashes, tuffs, and lava flows quieted down, 
the accumulation occurred only close to the still erupting volcanoes, and 
in these bedded tuffs were accumulated the latest forms living at that 
time. This explanation would place the volcanoes from which the John 
Day was derived in or near the Cascade Mountains. The Eagle Creek 
formation in the Columbia River gorge has been given an Oligocene age 


Grou. Soc. AM., Von. 43, 1932 
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by Chaney,° and a petrographic study of it recently by the writer indi- - 
cates that it is a part of an old volcano reexhumed by Columbia River ® 
and is composed of the same material as the John Day formation. Far- 
ther south other areas of the Eagle Creek formation have been found 
in the heart of the Cascade Mountains, suggesting these mountains as the 
source for much of the John Day formation material. 


5 Ralph W. Chaney: Flora of the Eagle Creek formation, Washington and Oregon. 
Chicago Univ., Contr. Walker Mus., vol. 2, no. 5, 1920, pp. 115-151. 
©. T. Hodge: The Columbia River fault. Bull. Geol. Soc. Am., vol. 42, 1931, p. 1. 
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LIMITATIONS OF THE PROBLEM 


In humid regions of bold relief underlain by rocks susceptible of chemi- 
cal decomposition, the hills at the stage of geomorphic maturity become 
rounded in profile and in contour and the slopes are mantled with soil. 
As geomorphic development proceeds from this stage the convexity of 
the hilltops becomes progressively flatter, while the contours tend to ap- 
proximate more closely to the circle.* If, within the region, there be 
areas of rock not susceptible of decay, such as pure quartzite, these areas 
present, in contrast to the rest of the region, steep slopes which recede 
under erosion without diminution of acclivity beyond a certain minimum 
which is determined by the size of the spauls shed by mechanical disinte- 
gration. These permanently steep slopes differ from receding mountain 


1 Manuscript received by the Secretary of the Society June 14, 1932. 

2? This theorem of the flattening of slopes as a result of progressive degradation is, how- 
ever, not universally accepted. In so notable a work as “Geology,” by Chamberlin and 
Salisbury, 1909, p. 59 et seq., figures 37 and 39-41, the effect of rain-wash is stated to be a 
steepening of the slopes. This statement appeurs to be a deduction based on a theoretical 
conception of the action of rair wash. Observation does not confirm the deduction; and 
it appears to be generally true, wotwithstanding so weighty an authority, that slopes in 
humid regions progressively flatten. 
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fronts in the desert in that they do not tend to become so effectively buried 
by rising alluvial embankment.® In this way diversity of rock gives 
rise to diversity of geomorphic configuration. Most rocks, however, 
which occupy humid regions familiar to geologists are susceptible to de- 
eay by chemical attack, and it is not such diversity of form which re- 
quires explanation, but rather the principles which govern the develop- 
ment of the normal geomorphy of humid regions, as contrasted with that 
of the desert on the one hand and that of wet regions on the other. 

For the sake of simplicity in discussion I shall assume that we have 
to deal with a homogeneous terrane equally susceptible to decay at all 
exposed surfaces. In such a terrane the relief may be due to: (1) dis- 
section of an uplifted portion of the earth’s crust, or (2) differential dis- 
placement by faulting. The first of these is the more common, and I 
shall assume, in addition to uniform susceptibility to decay, that the 
relief of our ideal region is due to stream corrasion and atmospheric 
erosion. Under these general assumptions two possible cases must be 
discriminated : 

1. Uplift may be so slow that the downward corrasion of the streams 
is not disproportionate to atmospheric erosion, including under that term 
rain-wash. In this case the region may attain geomorphic maturity with- 
out ever passing through those stages of configuration which we commonly 
recognize as characteristic of infancy and youth. There may never have 
been at any time in the history of the geomorphic cycle incisive canyons 
with steep walls, because the battering of the slopes by rain-wash may 
easily have kept pace with the process of stream corrasion. 

2. Uplift may be so rapid as to induce a rate of stream corrasion far 
in excess of that slope batter, so that precipitous canyons may be cut, 
out of which mature valleys are later fashioned. It is the latter case 
which I desire to discuss particularly in this attempt to elucidate the 
normal development of the geomorphy of humid regions. 


Tue Barrer oF CaANYoN WALLS 


The first stage of the battering of the walls of precipitous canyons is 
effected wholly by mechanical disintegration, of which five primary 
processes may be conveniently recognized: (1) development of joints; 
(2) exfoliation in broad slabs parallel to the exposed surfaces, the me- 
chanics of which has been explained by Gilbert *; (3) spauling due to 


3 Cf.: The Epigene Profiles of the Desert. Bull. Dept. Geol., Univ. Calif., vol. 9, no. 3, 


1915. 
4G. K. Gilbert : Domes and dome structure of the High Sierra. Bull. Geol. Soc. Am., 


vol. 15, 1904, pp. 29-36. 
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ruptures necessary for the relief of strain, (4) granulation, particularly 
exemplified in certain coarse-grained granites, and (5) slacking, as ex- 
emplified by shale. The blocks, slabs, spauls, grains or flakes thus detached 
from the parent rock may be removed directly by gravity; or, secondary 
processes due to the action of water, ice, plants, animals, wind or shocks 
may intervene before gravity becomes effective. The distinction between 
the primary and the secondary processes of disintegration is that the 
former subdivide the rock, while the latter effect the dislodgment of the 
resulting fragments. If the rock be minutely and intimately jointed 
spauling is minimized and the secondary processes become -relatively 
important. 

The primary processes of disintegration proceed at rates which are in 
some measure proportional to the extent of free surface exposed to the 
weather, and inversely proportional to the load of superincumbent rock. 
The maximum of free surface and the minimum of load is at the brink 
of the cliff; while the reverse is true at its base. The brink of the cliff 
therefore succumbs first to the attack and the salient is truncated. The 
truncation gives rise to other salients which are in turn truncated and 
soon. But successive stages of truncation are usually not apparent, the 
process being continuous, and a curve is the result. The slopes are steep 
and the products of disintegration are removed directly by gravity. They 
are prevented from encumbering the base of the cliff, except as a local 
or temporary talus, by the agencies of transportation which are charac- 
teristic of humid regions. Thus the cliff recedes more rapidly at its top 
and at a regularly diminishing rate from the top down. When it attains 
a slope at which gravity is no longer competent to overcome the friction 
of the fragments shed from the surface, the rain-wash conspires with 
gravity to transport them to the base of the cliff. Finally the angle of 
slope becomes such that the fragments accumulate and protect the under- 
lying rock surface from the direct attack of the weather. In the inter- 
stices of this mantle of fragmental material moisture is held between 
rains, vegetation acquires a footing and bacteria take possession. The 
carbonic acid generated by bacteria, supplemented by the relatively small 
amounts of the same reagent derived from rain-water, decomposes the 
silicates of the rocks, giving rise to the process of rock decay. The product 
of rock decay is soil. The mantle of soil once formed is normally per- 
manent; but the slope which the soil presents undergoes by rain-wash a 
constant degradation. For the effect of decay is to reduce the rock to 
particles so small that rain-wash is competent to carry them down to the 
streams even on extremely gentle slopes; and the limiting angle at which 
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friction permanently checks transportation is very small. If the rain- 
wash be vigorous it may keep pace with the rate of rock decay, so that the 
upper part of the soil layer is removed about as fast as new soil is formed 
in the lower part. If the erosion be relatively feeble, or if the bacterial 
activity be excessive, the supply of carbonic acid is diffused down into the 
underlying rock with the descent of the meteoric waters and deep or 
“secular” decay is the result. If the rain-wash be excessive the soil is 
removed, or does not form, and the conditions are then those which 
characterize degradation in wet climates as distinguished from humid 
climates. - 
THE LOWERING OF ROUNDED HILLToPS 


If the initial incisive canyons from which the mature soiled slopes have 
been developed were cut into an uplifted plain or peneplain the amount 
of the uplift and the spacing of the streams may be such that: (1) the 
slopes may still intersect the plateau at maturity so that mesas separate 
mature valleys, or (2) adjacent slopes may intersect each other below 
the level of the plateau to form ridges. In the first case the intersection 
of the valley slopes with the plateau becomes rounded in a convex curve 
to which both plateau and slope are tangent. The valleys widen at the ex- 
pense of the mesa, till eventually the latter disappears, and there result con- 
vex divides between adjacent valleys. In the second case the ridge tops 
rapidly assume and thereafter maintain a convex profile, their height being 
lowered by a progressive increase in the radius of curvature of the con- 
vexity. The lowering of the slopes in all cases is due chiefly to rain-wash, 
chemical solution, except in calcareous rocks, playing a very subordinate 
role. It results from this steady reduction of the surface by rain-wash 
that old hills have a flatter curvature than younger hills of similar rock, 
and that the surface profile of the convexity at any stage of the erosional 
process converges downward upon the profile at any other stage. The por- 
tion of the hill removed by erosion in passing from one stage of con- 
vexity to another is, therefore, lune-shaped in vertical profile, the limbs 
of the lune pointing toward the bottom of the hill. This means, of course, 
that the removal of the soil by rain-wash proceeds by regularly diminish- 
ing increments from the upper to the lower part of the curve. Finally in 
the descent of the material a point may be reached, in the absence of a 
straight slope, where the increment of net removal is zero, and the only 
load that is carried beyond this point is that which is delivered from above. 


5The doctrine enunciated by Chamberlin and Salisbury (loc. cit.) teaches that the 
portion of the hill removed by rain-wash in a given period is a wedge pointing upward, 
that the profile at any stage of erosion converges upward on the profile at any other stage 
and that removal proceeds by larger increments down the slope. 
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The law of diminishing increments of soil removal by rain-wash deter- 
mines a convex profile down to this point. Below, the profile changes in 
character. In many round-topped hills the middle slopes are straight and 
the lower flanks concave upward. In others the concavity succeeds the 
convexity immediately and there is no straight element in the profile. In 
the latter case the change from convexity to concavity is significant of a 
reversal of the erosional process ; aggradation takes the place of degrada- 
tion. In round-topped hills with straight middle slopes one of two 
explanations may be considered: (1) At the point where the incremer: 
of soil removed becomes zero an equilibrium may be established, so t? 

the increased volume of water is just compensated by the diminutic 

of velocity, and the amount of soil picked up is balanced by the amoum 
dropped, thus maintaining a straight grade; or (2) there may be an 
immediate change from erosion to deposition and the point of change 
may fluctuate through a considerable hypsometric range in accordance 
with the variation of the rainfall. The locus of the point of change would 
be sensibly a straight line. Analogy with ordinary streams and the 
necessity of regarding the concave profile as having had its initiation 
at the base of the hill, favor the first explanation, as does also the absence 
of a straight element in the profile of many old hills. This point, at 
which increments of removal diminish to zero, whether it be sharply 
defined or only expressible as a locus, may be called the critical point 
of the rain-wash process, and also for convenience the critical point of 


the hill profile. 
EARLIER DISCUSSIONS OF CONVEX PROFILES 


In the foregoing statement of the results of rain-wash in terms of 
geomorphic profile no attempt is made to analyze the process whereby the 
profile is developed. The subject has been discussed by Gilbert, Davis and 
Fenneman. Gilbert® in his great classic, “The Geology of the Henry 
Mountains,” first called attention to the problem of convex profiles. After 
developing the law of divides: that stream courses increase in declivity 
as the amount of flow decreases toward the headwaters, and that this in- 
crease of slope continues to the summits of the divides, thus accounting 
for the sharp crests in the mountains with their concave profiles, he 
pointed out that in the bad-lands of arid regions the actual divide is con- 
vex upward. “Thus in the sculpture of the bad-lands there is revealed 
an exception to the law of divides—an exception which can not be referred 
to accidents of structure, and which is as persistent in its recurrence as 


® G. K. Gilbert : Geology of the Henry Mountains, 1877, pp. 122-123. 
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are the features which conform to the law—an exception which in some 
unexplained way is a part of the law.” 

Davis * commenting on Gilbert’s work, particularly the exception which 
convex profiles in the bad-lands present to the law of divides, suggested 
that these profiles are due to soil creep. “On the divides of such re- 
gions (typical bad-lands) the surface form is controlled by the creeping 
process. The sharp-edged divides, that should certainly appear if wash- 
ing alone were in action, are nicely rounded off by the dilatations and 
contractions of the soil along the ridge line.” 

Fenneman * called attention to the difference in erosional effect pro- 
duced by water concentrated in gullies at the headwaters of streams and 
that on the slopes above the gullies where the rain-water flows in sheets 
or braided rills, which are said to be “overloaded” and therefore can not 
initiate dissection. The increase of volume of water, as it flows down 
the slope in heavy rains, determines an increase of its carrying power, 
so that, though it remains “overloaded,” there is more removed from the 
lower slopes than from the upper, and the profile becomes convex up- 
ward. He thus accounts for the convex profiles of divides in general, 
apparently unaware that Gilbert had regarded these features as an ex- 
ception to his law of divides and an unexplained paradox; neither does 
he refer to the suggestion of W. M. Davis that the convex profiles in ques- 
tion are due to soil creep. Fenneman uses this distinction between deg- 
radation without dissection by rain-wash and the corrasion of under- 
loaded streams to explain the geomorphy of the Saint Louis peneplain. 

Gilbert ® in 1909 recognized that convex profiles are not peculiar to 
the divides of bad-lands. In the opening sentence of a short paper he 
said: “In a maturely developed topography, hilltops composed of un- 
consolidated materials are upwardly convex in profile.” He amplified 
and apparently accepted the theory of soil creep advanced by Davis as 
the explanation of the convex profile. He refers to Fenneman’s paper 
without discussing it; but by implication rejects the “distinction between 
the behavior of water near hilltops and lower down.” 

While creep may be a contributing agency in the evolution of the con- 
vex profiles of mature hills in humid climates, there are difficulties in 
the way of accepting it as the primary cause. Some of these may be 
briefly mentioned: (1) In certain regions where convexity of profile is 
finely developed, for example, in many parts of France and of the Coast 


7W.M. Davis: The convex profile of bad-land divides. Science, vol. 20, Oct. 28, 1892, 
p. 245. 

8N. M. Fenneman: Some features of erosion by unconcentrated wash. Jour. Geol., 
vol. 16, 1908, pp. 746-754. 

®° G. K. Gilbert : The convexity of hilltops. Jour. Geol., vol. 17, 1909, pp. 344-350. 
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Ranges of California, the soils are very shallow and on the low slopes 
the gravitative stress is too feeble to overcome the frictional resistance. 
(2) At the summits of convex hills of large radius of curvature there is 
no gravitative stress competent to initiate and maintain creep. (3) 
There must be a lower limit to any hillside creep and near this limit 
the material creeping from above will tend to bank up, and so raise the 
profile unless the latter is reduced pari passu by rain-wash. But the ris- 
ing of the surface, due to transfer of soil by creep, would diminish the 
slope above the swelling and accentuate it below, so that the erosion of 
this portion of the slope would develop special features which I have failed 
to observe in any case. (4) Creep should develop inequalities of thick- 
ness of the soil and yet in many rounded hills, where sections of the soil 
are exposed in railway and road cuts and in ravines, I have been impressed 
with the remarkable uniformity of the thickness of the soil at all eleva- 
tions. (5) On a round-topped hill creep should be active in proportion 
to the steepness of the slope. ‘There should be more movement on the 
steep flanks of the convexity than on the upper part of the profile; and 
the hill should thus acquire a curvature of less and less radius as time 
went on, a result not in accordance with observation. 


Tue Process ONE OF TRANSPORTATION NOT CORRASION 


In view of these difficulties I have been inclined to turn from the creep 
hypothesis and have found myself, like Fenneman, instituting a compari- 
son between the behavior of water in streams and that of rain-wash. In 
this comparison I have come to the conclusion that, inasmuch as the 
rain-wash in its movement down a slope is either a film of water or a 
series of rills flowing on the loose, finely divided particles of the soil, 
we have to deal with a problem not of corrasion but of transportation. 
The moving water is always in contact with its load and the latter is at 
all points free and ready to be picked up, or moved. There is, moreover, 
at all points a surplus of material to be handled. It would seem there- 
fore inevitable that the flowing water, whether in the form of films or 
rills, is loaded to capacity at all points. This condition, as Fenneman 
points out, is rarely or never realized in headwater streams, but only in 
their lower stretches on floodplains. There are thus two rather funda- 
mental differences between the flowing water which develops the concave 
profile of the stream grade, and that which by hypothesis develops the 
convex profile of the mature hill. In the one case the moving water is 
underloaded and its work comprises transportation and corrasion; in 
the other case the water is continuously loaded to capacity for the grade 
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of material available, and its work may be considered as wholly that of 
transportation. 

But while the water flowing down a soil-covered ridge slope may be 
at all points loaded to capacity, the quantity of water thus loaded increases 
in an arithmetical ratio; and it regularly picks up an increment to its 
load as it advances. The problem, therefore, is to determine if possible 
how this increment of load varies with the increase in volume of water. 
But first we must consider the straight slope which in the course of time 
gives way to the convexity. 

THE STRAIGHT SLOPE 


At the near approach to maturity and in early maturity, when the con- 
vexity of the hilltop is still of small radius, the hillside is a straight, 
soiled slope. Down the straight declivity the water in heavy rains flows 
in a sheet of braided rills loaded to capacity for the competent sizes of 
the grains which make up the soil. The soil being saturated the volume 
of flow increases in an arithmetical ratio down the slope, and its capacity 
also increases, but not in the same proportion as the volume, since much 
of the work done, probably most of it, is at the bottom of the rills. The 
load is mainly a bottom load and only a limited proportion of the mate- 
rial moved is carried in suspension. But, whether the detritus is carried 
in suspension or rolled along the bottom, the current is loaded to capacity 
for the competence of grains available, since the latter are in continual 
agitation and the stream is always in presence of its load. There is no 
corrasive work to do. Moreover the stream is never “overloaded,” nor 
is any stream ever overloaded, although this term is often applied to 
streams working at capacity. 

The increment of capacity down the slope is the measure of the load 
added to that already carried by the flowing sheet of water, and the load 
at any point on the straight slope from top to bottom is the sum of the 
increments picked up above that point. 

With regard to the effect of increasing capacity upon the profile four 
cases are possible: (1) If the increment of load at every one of a suc- 
cession of points equally spaced down the slope be the same, then the 
surface is lowered parallel to itself and the angle of slope remains un- 
changed. (2) If the increment decrease down the slope the angle is 
diminished. (3) If the increment increase the slope becomes steeper. 
(4) If there be no increment the slope remains unchanged. 

The last of these possibilities may be dismissed as highly improbable, 
since there is a steady increase in volume down the slope in any rainstorm, 
and the capacity and therefore the load must increase, unless there be 
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THE STRAIGHT SLOPE 711 
an exactly counteracting diminution of velocity. The third possibil- 
ity is rejected from the fact that such slopes never appear to become 
steeper as a matter of field observation, and that a removal at the bottom 
of the straight slope, in excess of that near the top, would produce a de- 
pression above the alluvial embankment which is never observed. The 
second possibility is not so easily disposed of. But if the straight slope 
be reduced in acclivity its point of tangency with convexity must approach 
closer and closer to the central vertical axis of the hill. That is, as the 
curve takes on a larger radius under erosion its are must become shorter. 
As a matter of observation, however, the are of hills of large radius of con- 
vexity has a notably greater span than that of hills of smaller radius; and 
so long as the acclivity of the tangent slope remains constant this must 
be so; so that it seems fairly certain that the acclivity of the straight slope 
is not reduced, and that the latter does not encroach on the convexity. I 
am forced, therefore, to reject also the second possibility, and thus neces- 
sarily to adopt the first. This means that the increment of load during 
heavy rain is uniform in amount at all points equally spaced down the 
straight slope, so that the latter is lowered parallel to itself, until it is 
eliminated by the descent of the convexity of slowly increasing radius. 
The straight slope, however, is a feature of early maturity and being tan- 
gent to both the convexity of the hilltop and the concavity of the em- 
bankment, its existence is difficult to appreciate when it becomes short. 
The angle of acclivity of the straight slope, while it appears to remain 
constant for any particular hill, varies with the lithology of the terrane 
and with the amount and distribution of the rainfall in different hills. 
The kind of rock determines in large measure the rate of rock decay for 
any given degree of humidity of climate. The amount of rainfall deter- 
mines the rate of removal of the soil formed by rock decay. The stable, 
straight slope at which soil removal is just balanced by soil formation is 
the geomorphic expression of equilibrium between the antagonistic forces 
of soil removal and soil formation. It has a mantle of soil because such 
a mantle affords the most favorable condition for rock decay. For dif- 
ferent rocks and different degrees of climatic humidity the straight slope 
appears to have a range of acclivity between 30 and 15 degrees. 


THE OCCURRENCE OF ROUND-TOPPED HILLs 


In the Coast Ranges of California isolated domes with circular profiles 
are common as hills sessile on the upland. They rise as bold features of 
the landscape above the general level of sprawling ridges, the dissection of 
which in their lower parts still leaves much to be done. Their isolation 
and mature aspect, as compared with the canyons which lead up to them, 
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may be explained as the result of the erosion of the region in an early 
cycle which was interrupted by uplift long before peneplaination. Occa- 
sionally an isolated dome is found in the midst of a broad valley. It is 
then surrounded at its base by alluvium, and displays in ideal perfection 
of profile the convexity of top and concavity of flank. Departure from 
the ideal profile is generally due to lithological heterogeneity, which is 
more common in large hills than in small. The most perfect domes are 
found in terranes composed of shale or of shale and soft sandstone; but 
they are almost equally well developed in sandstone terranes. They are 
not so common in the Franciscan terrane as in the Cretaceous and Ter- 
tiary, owing to the extreme heterogeneity of the former. »Some very fine 
small domes are nevertheless found to have been sculptured from Francis- 
can basalt and larger ones from Franciscan sandstone. Four examples of 
round-topped hills are shown in figures 5, 6, 7 and 8, on pages 723-724. 

Round-topped hills in sedimentary terranes are in many cases litho- 
logically homogeneous in belts parallel to the strike, and so acquire a 
smooth convexity in that direction; but are heterogeneous across the 
strike and so develop a series of bulges in the transverse profile. The 
convexity of mature hills is not always symmetrical in profile to a vertical 
axis. The most pronounced departure from symmetry is at the edge of 
a mesa or terrace in process of dissection by transverse gullies. Here the 
profile of the dome may be ideally perfect toward the lowland and toward 
the gullies on either side; but the slope toward the mesa may be flat, or 
have but a gentle descent to a saddle between the gullies. Many round- 
topped hills have had their profiles modified by the corrasion of neighhbor- 
ing streams steepening the canyon walls at their base, and others on the 
margins of broad valleys have been affected by the encroachment of stream 
cliffs. 


THE INCREASE OF Rapius OF CURVATURE WITH TIME 


If it be true, as an induction from observation, that the convex hills of 
humid regions, as they progressively diminish in altitude, acquire also a 
curvature of greater and greater radius, the soil layer remaining sensibly 
constant in thickness, then in passing from an earlier stage of small radius 
to a later stage of large radius, the prism of material removed has in 
cross-section the configuration of a lune bounded by the two curves. So 
far as can be determined by an examination of the profiles in the field the 
curves at various stages of denudation are approximately circles: and in 
the ideal case they are probably either true circles or parabolas. Assum- 
ing for the sake of simplicity of discussion, and as a first step toward their 
explanation, that they are circles, then the geometrical properties of the 
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lune (figure 1) tell us something of the degradational process. It is clear 
that the layer @f the hill removed between any two stages of its degradation 
is progressively less down the slope. This conclusion is the opposite of 
that reached by Fenneman, who believes that the convexity is due to pro- 
gressive increase of erosion down the slope. The lune shows inat the 
maximum lowering of the surface of the hill, measured in the direction of 
the vertical, is at its summit, where, paradoxically, the volume of water, 
the agent of erosion, and also its velocity, are always at the minimum. 


\ 


Ficurp 1.—Decrease of Erosion down the conver Slope in the Passage of a Hill from a 
Converity of Radius 10 to a Convewxity of a Radius 11 


It is possible to obtain a general algebraic expression for the erosional 
effect in terms of segments of the lune '°; but this is rather complicated, 
involving as it does the diameters, chords and rises of segments of the 
two circles ; and it will perhaps be more satisfactory to consider a concrete 
case. In the figure 1 an early profile is represented by a straight slope of 
30 degrees and an arc of a circle of radius 10 to which it is tangent. A 


10 Prof. Perry Byerly has kindly given me such a general formula for the area of lunar 
segments: Let 2 be the area of the lunar segment required where r is the radius of the 
smaller circle, k that of the larger, a the distance between their centers on the common 
diameter, c the radial distance of the longer chord and d that of the shorter, then, 
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later profile is represented by a lower straight slope also of 30 degrees 
tangent to a circle of radius 11. The two circles, which are chosen 
arbitrarily, have a common vertical axis, and on this the distance between 
the two centers has been made 2. By drawing chords parallel to the ver- 
tical diameter with a uniform spacing of 1 the lune from the summit of the 
hill out to the point of tangency of the upper circle is divided into 5 
segments of equal horizontal dimension. The horizontal distance to the 
point of tangency of the lower circle with the lower straight slope is 5.5, 
The loci of intersection of the chords with the surface are referred to as 
contours having corresponding numbers. 


THE CONVEX RIDGE 


If we consider first a ridge with a convex top and a straight slope, the 
erosional effect down from the summit is proportional to the areas of the 
lunar segment a,b, c,d ande. These areas are easily found to be: 0.998, 
0.989, 0.970, 0.939 and 0.892; since any lunar segment is the difference 
between two segments of the small circle, plus 2, minus the difference be- 
tween the corresponding two segments of the large circle; and the values 
of the circular segments may be found in tables correct to the sixth 
decimal. 

The time required for the reduction of the surface from one profile to 
the other is the same for all parts of the hill, so that the figures give in a 
certain sense the relative rates of erosion down the slope. The erosion 
is effected by running water when the soil is saturated; and since the 
amount of water which falls on the surface between every adjacent pair 
of vertical chords is the same, the volume of flow down the slope increases 
in a simple arithmetical ratio. If v be the volume passing the first chord, 
then 2v passes the second, 3v the third andsoon. We may thus get a rela- 
tion between the volume at any point and the load carried, that is, the ag- 
gregate capacity of the current for the competence of material available in 
the transition from one stage to the other. The loads carried at the succes- 
sive points indicated by the intersection of the chords with the large circle 
are the sums of the loads taken from the slope above, and are therefore 
proportional to: 0.998, 1.987, 2.958, 3.896, 4.788, corresponding respec- 
tively to volumes of water 1, 2, 3,4, 5. The load per unit of volume thus 
decreases down the slope in the proportion: 0.998, 0.993, 0.986, 0.974, 
0.958. This decrease in proportional capacity is doubtless due to the fact 
that most of the load is a bottom load and should not increase in the same 
ratio as the volume even if the velocity were constant. 

Let us now pursue the process beyond the fifth chord, the point of tan- 
gency of the straight slope with the upper circle. The amount removed be- 
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tween the tangent points of the two circles corresponds to the rhomboid 
hounded by the two tangents and the two chords plus the wedge between 
the rhomboid and the lower circle. The normal distance between the two 


tangents is 10 — (11 — \/3) = 0.732050, and the vertical side of the 
rhomboid is therefore 0.732050 xz. The area of the rhomboid is thus 
3 


0.732050 Xz x = 0.42265. The area of the wedge between the 
rhomboid and the lower circle is that of the rectangle, one side of which 
is half the chord of the lower circle having a rise of 5.5, and the other 0.5, 
plus the right-angled triangle between this rectangle and the tangent of 
the circle minus half the area between chords 5 and 5.5, or 4.76314 + 
0.07217 — 4.83250 = 0.00281. Thus 0.42265 + 0.00281 — 0.42546 is 
the proportion of erosion or of load picked up between the two tangent 
points in the transition from the higher profile to the lower; and 
0.42546 ++ 0.42265 = 0.84811 is the measure of erosion between chords 
5 and 6. Beyond chord 6 down the tangential slope the ioad picked up is 
0.42265 & 2 == 0.84530 for every horizontal distance 1. The aggregate 
load carried past chord 6 is 5.636, past 7, 6.481, past 8, 7.327 and past 9, 
8.172. The ratios of load to volume, or mean capacities at chords 6, 7, 8 
and 9 are respectively : 0.939, 0.926, 0.916, and 0.908. The rate of erosion 
is not constant in time for all stages of the reduction of the surface, since 
the process proceeds more rapidly in the early stages of the lowering of 
the profile. This may be demonstrated by taking two circles of smaller 
radius than 10 and 11 and obtaining the areas of the lune segments cut 
off by chords equally spaced from the common vertical diameter. It will 
be found that the ratio of load removed to horizontal distance, or capacity 
per unit of volume, is greater than for convexities of larger radius. The 
smaller the radius of convexity the more rapid the erosional reduction of 
the profile. 

At the bottom of the straight slope, even in very early stages of ma- 
turity, there is usually an alluvial embankment, the profile of which in its 
upper part is concave upward and tangent to the straight slope above. 
The lower part of the profile of the embankment passes into a straight 
slope of low angle which is tangent to the concavity. The combination of 
hilltop convexity, straight slope, concavity and straight slope is always a 
smooth line devoid of irregularities when the rock of the hill is lithologi- 
cally uniform. Lithological heterogeneity causes those irregularities to 
appear in the profile which so commonly diversify the landscape, particu- 
larly where a rock mass not so susceptible to rock decay, can not supply 
soil at a rate to keep pace with the removal of the latter above or below. 
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The surface of the alluvial embankment rises steadily as the hill is 
lowered in altitude, so that its upper edge encroaches upon the straight 
slope. Eventually the latter vanishes by the approach of the convexity of 
the hilltop and the concavity of the embankment. Since there is no 
degradation below the top of the embankment, and since the straight slope 
recedes parallel to itself, it follows that the locus of the tangency of the 
latter with the concavity defines, in the course of time, a sloping sub- 
alluvial bench in the rocky profile of the hill beneath the rising embank- 
ment. 

DomME 


In the foregoing discussion consideration has been limited for the sake 
of simplicity to the profile of a round-topped ridge. But such features 
are limited to early maturity; and, by reason of the dissection of the 
ridges by transverse streams, they give way to isolated hills with dome- 
like profiles in middle and late maturity. The tops of these hills are 
approximately spherical in form, and they rarely exhibit any middle 
straight slopes, the profile of the sphere passing with a common tangent 
into the concavity of the embankment which encircles the hill. The 
difference in the conditions of development of these geomorphic domes 
from those which obtain in the case of a ridge flows from the difference 
in the geometrical properties of the cylinder and the sphere. 

If the diagram figure 1 now.be considered as the profile of a sphere, then 
the lunar segments no longer give us the relative measure of erosion down 
the slope. In the reduction of the surface from that of a sphere of smaller 
radius to one of larger radius the measures of the quantities removed are 
the solid rings, of which the lunar segments are radical cross-sections. The 
chords become cylinder walls and the quantities bounded by adjacent pairs 
of cylinder walls are proportional to the erosion down the slope between 
the two geomorphic stages. Owing to the spread of the sphere, moveover, 
the load carried past any cylinder wall is no longer the sum of the corre- 
sponding loads above. 

Mr. Perry Bverly has kindly derived the following formula for the 
value of these solid rings, in which r is the radius of the smaller sphere, 
i: that of the larger sphere, a the distance between their centers on the 
common vertical axis, ¢ the radius of the longer cylinder of any adjacent 
pair and d that of the shorter. If V be the volume of the ring, then, 
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Taking as a concrete case segments of spheres with radii of 10 and 11 
respectively, each tangent to a cone with slope of 30 degrees, the centers 
of which are spaced 2 on the common vertical axis, and cylinders with 
radii 1, 2, 3, 4, etcetera, then the first five rings are found to have the 
volumes : 3.1343, 9.3156, 15.2209, 20.6197 and 25.1911. These quantities 
are proportional to the amounts removed between the successive pairs of 
equally spaced cylinders. The aggregate quantities carried past the suc- 
cessive cylinders is thus: 3.1343, 12.4499, 27.6708, 48.2905 and 73.4818. 
The ring removed between the two 
tangent points has the cross-section st 
ABGF in figure 2. Its volume is the 
difference between the solid cylinder 


that whose cross-section is ARO,C, 
less the volume of the cylinder is 


\\ 


whose cross-section is GFCD. This 


whose cross-section is BRO,D and 4h oil 
| 
| 
quantity is found to be 14.03369. | 
| 


The ring between 5.5 and 6. is 


bounded in cross-section by these | 
two cylinder walls and the two tan- | 
gent slopes. Its volume is 15.26961. | | 
The total volume of the ring re- | 


moved between cylinder walls 5 and | 
6 is therefore, 14.03369 +- 15.26961 


= 29.30330. The volumes of the 2—aMethod of arriving at De- 
crease of Erosion down the Slope of 


successive rings beyond 6 are respec- 
a Dome 


tively: 6 to 7, 34.5226; 7 to 8, 

39.8338 ; 8 to 9, 45.1449. The aggregate quantities carried past the con- 
tours at 6, 7, 8, and 9 are respectively: 102.7849, 137.3075, 177.1413, 
222.2862. The run-off of the rain-wash passing each of the contours 
from 1 to 9 is proportional to the areas of the circles which they enclose. 
Dividing, therefore, the aggregate quantities passing these contours by zr? 
gives us the ratio of the volume to the load carried, i. e., the capacity per 
unit of volume, at each specified contour down the slope. These capacities 
are: 0.9976, 0.9908, 0.9786, 0.9607, 0.9356, 0.9088, 0.8919, 0.8808, 0.8735. 
The values obtained are plotted in the graph, figure 3 along with a similar 
graph for the similar capcities of the run-off at corresponding points 
down the slope of a round-topped ridge. From the figures and the graphs 
constructed from them it appears that the capacity per unit volume of the 
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rain-wash down the slope of the domed hill diminishes more rapidly than 
down the slope of the round-topped ridge. 

The volume of rock removed from a domed hill, out to what I have 
called contour 5, in its reduction by rain-wash erosion from a convexity 
of radius 10 to one of radius 11 is, as has been shown, 73.4818. The 
horizontal area underlying this curved slab is that of the circle of radius 
5, or 7 5? == 78.54. If t, be the time required for the transition from 
one stage to the other then 78.54¢, is the measure of the total volume of 
rain-wash concerned in the operation. A section of the analogous con- 
vex ridge, down to contour 5 on both sides, would have the same hori- 


of run-off 


Relative capacity 


2 3 6 7 8 9 


Horizontal distance 


FIGURE 3.—Relative Capacity of Run-off down the Slope of a convex Ridge and of a Dome 


zontal area at that contour for a length of 7.854; and if ¢, be the time 
the total rain-wash would be 78.54¢,. But in the case of the ridge the 
volume of rock removed would be 4.788 K 2 & 7.854 == 75.2099. The 
relative times ¢, and ¢, are unknown, but it is apparent that for the time 
necessary to lower the summit of the ridge 1 there is more removed from 
it than there is from the dome, while its summit is lowered 1. If the 
times in the two cases were the same, the total volume of rain-wash 
for the dome and for a section of the ridge 7.854 long would be the same; 
and for that rain-wash the erosional work on the dome would be less 
than that on the ridge in the ratio of 73.4818 to 75.2099. 
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The results obtained in the foregoing discussion are for particular 
and arbitrarily selected convexities, circular and spherical ; but it is highly 
probable that curves of other radii would yield similar results, both as to 
the decrease of the capacity of the rain-wash for erosion down the slope, 
and as to the more rapid decrease down the slope of the dome than of the 
ridge; although the numerical results would be different in the different 
cases. 


THE GEOMORPHIC TENDENCY OF LATE MATURITY 


The tendency of a maturely dissected region to assume the geomorphy of 
an assemblage of discrete round-topped hills or domes may now be briefly 
considered. In the immature stage, when the slopes are still too steep 
for the accumulation of soil and the ridges are sharp crested, the master 
ridges are flanked by spurs separated by youthful canyons. As the 
stream pattern becomes more detailed and at the same time more pro- 
nounced the spurs, and eventually the master ridges, are carved into 
pyramidal forms. These pyramids rarely attain ideal simplicity. Their 
symmetry is somewhat similar to that of a crystal, in that their faces 
are at any stage of their development about equally inclined to a vertical 
axis. Even when their pyramidal character is most pronounced only 
three sides are usually apparent, one facing the main stream and the two 
others the transecting tributaries. The fourth side is but feebly de- 
veloped when the partial pyramid is the shoulder of a complex ridge. Oc- 
casionally such a shoulder becomes isolated and all four sides may be 
equally developed. 

In tracing the transition from the immature pyramid to the mature 
dome it is to be noted that, during immaturity, the streams which oc- 
cupy the bounding canyons determine the base of the slopes, and that 
maturity is never attained so long as stream corrasion is in excess of 
atmospheric erosion. Maturity is possible only when the stream has 
reached baselevel, or when, due to other causes, corrasion does not out- 
strip slope batter. The stream at the close of the immature stage is 
at the base of the slope and has removed the products of degradation 
delivered to it. 

As soon as the acclivity of the pyramidal faces becomes low enough 
to permit the accumulation of soil, the edges begin to be rounded and the 
rounding process is equally effective for their entire length from top to bot- 
tom. The rain-wash, however, operates, with diminishing capacity for ero- 
sion, straight down the pyramidal slope from all points on the crest of 
the rounded edge. The curvature of profile of the rounded edges, and of 
the dome formed by their confluence at the top of the pyramid, steadily 
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acquires a larger and larger radius. The lower limit of the convexity, 
where it passes into the straight slope, when followed up from a corner 
of the pyramid, is at first a straight line parallel to the rounded edge, 
but as it comes under the dome it describes a curve at the intersection of 
the dome with the flat face of the pyramid. Below this limit of rotundity 
the straight slope, maintans the same acclivity as that which permitted 
the accumulation of soil. It is lowered by the rain-wash parallel to it- 
self, which means that the increment of soil removed at successive points 
down the slope is constant. Below the straight slope is the alluvial em- 
bankment, the maximum height of which is in the middle of the pyram- 
idal face. The upper limit of the alluvial embankment is a curve 
determined by the decreasng addition to its surface from the middle 
of the pyramidal face to the corner. The embankment tends to be con- 
cave in profile but convex in contour. The two tendencies are antagonis- 
tic, and in certain cases may neutralize each other, so as to give a slope 
which is sensibly straight. 

It is thus apparent that in the early stages of maturity the soil cov- 
ered pyramid first loses its angularity of contour at the edges, but that 
the straight element in the contour vanishes first at the top of the hill, 
by the confluence of the rounded edges into an apical dome. While the 
top and the rounded edges of the pyramid are acquiring curved contours, 
which eventually become circles of smaller and smaller radii, there de- 
velops at the base of the hill by aggradation contours which eventually 
become circles of larger and larger radii. The alluvial embankment 
gradually envelops the base of the hill, with a maximum growth opposite 
the middle of the pyramidal faces and a minimum at the corners. Its 
upper limit migrates slowly up the slope till it meets the lower limit of 
convexity migrating somewhat more rapidly down the slope. The meet- 
ing of the convex and concave profiles and the consequent elimination 
of the intervening tangent slope takes place first at the lower corners of 
the pyramid; and the junction migrates across the face of the latter on 
a diagonal curved line till the straight slope entirely vanishes. As the 
contours become more nearly circles the locus of the neutral point of the 
profile, or the meeting of the two curves, becomes adjusted to the growing 
symmetry of the hill and eventually lies on a contour. This particular 
contour is the ultimate hypsometric limit of the neutral point. For, as 
erosion proceeds and the dome above acquires profiles of larger and larger 
radii, the embankment itself becomes for the erosional process part of 
the hill, and is reduced with it. The flattening convex profiles cut across 
the upper part of the embankment, and the neutral point of the profile, 
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and of the erosional process, reverses itself and begins a slow migration 
down the rising slope. 
PARABOLIC CONVEXITIES VERSUS CIRCULAR 

If the convexities of round-topped hills are parabolic rather than cir- 
cular, then for the ridge any segment of the lunoid between two parabolas 
representing two stages of erosional degradation may be found from the 
following formula kindly supplied by Professor Perry Byerly: 
1 1 
aed (m? — n8) + — ha) (m — n) 
P2 pi 
where A is the area of the segment of the lunoid required, 


p, and p, are the focal distances of the two parabolas, 

m and n are distances from the common axis of lines drawn parallel 
to it defining the given segment, 

k, and k, are distances from an arbitrary reference line to the ver- 
tices of the two parabolas, so that 4, — hk, is the distance between 
them on the common axis. 


Making k, — k, = 1 and m — 1, p, 1.5 and p, 1.8 for two arbi- 
trarily selected parabolas, both tangent to a slope of 30 degrees with the 
horizon, the following values are obtained for the first 5 segments of the 
lunoid, a, b, c,d, and e of the diagram, figure +: 0.99074, 0.93518, 0.82407, 
0.65747, and 0.43518. These are the relative quantities removed from a 
succession of horizontally equal segments in the reduction of the ridge 
from the upper curve to the lower. The aggregate quantities carried past 
the succession of horizontally equally spaced points are: 0.99074, 1.92592, 
2.74999, 3.40746 and 3.84264. Since the time occupied in the removal 
of these quantities is the same for the whole of the slope, and the vol- 
umes of water are proportional to the radial distances of the successive 
points, 1, 2, 3, 4, and 5, we may obtain values for the relative capacities 
of the rain-wash down the parabolic convexity by dividing these quantities 
by 1, 2, 3, 4, and 5 respectively. The capacities thus obtained are: 
0.99074, 0.96296, 0.91666, 0.85186 and 0.76855. 

In the case of the parabolic dome, the volume of a succession of solid 
rings may be obtained from the following formula, for which I am again” 
indebted to Professor Byerly. Using the same notation as before the 
equation is: 

For the same parabolas as before, both tangent to slopes of 30 degrees, 
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and both k, —k, and m —n being 1, the volumes of the succession of 
rings, of which a, b, c, d, and e in figure are cross-sections, are found to be: 
0.986112, 2.792227, 4.09722x, 4.569442, and 3.8757. The aggregate 
quantities carried past the corresponding successive of horizontally equally 
spaced contours of the dome are: 0.986117, 3.778332, 7.875552, 12.444992 
and 16.319992. Dividing these by 2°27, 4°r and 5% respec- 
tively we obtain 0.98611, 0.94458, 0.87506, 0.77781 and 0.65279 for the 
capacities of the rain-wash down the slope of the parabolic dome. Com- 
paring these with those obtained for the capacities down the slope of the 


e 


Ficure 4.—Progressive Decrease of the Segments of a Lunoid between two erosional 
Stages when the Convevities are parabolic 


parabolic ridge, it is apparent that the former diminish more rapidly than 
the latter and would give a steeper curve in a graph. 

It is again highly probable that similar results would be obtained from 
the consideration of other parabolic convexities representing two ero- 
sional stages ; although figures for the relative capacities of the rain-wash 
would vary with the degree of curvature of the convexities selected for 
discussion. 

Thus whether the convexities of round-topped hills be circles or para- 
bolas the capacity of the rain-wash diminishes more rapidly down the 
slope of the dome than down that of the ridge. 
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EXAMPLES OF ROUND-TOPPED HILLS 


Figure 5.—Round-topped Hill on Summit between Selby and 
Martinez Bridge, California 
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Figure 7.—Round-topped Hill, 33 Miles South of Kings City, Salinas Valley, California 


FIGURE und-topped Hill North of Los Olivos, California 
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INTRODUCTION 


Work in the last few years has brought out several interesting facts 
regarding the stratigraphy of the Ellenburger limestone of the Central 
Mineral Region of Texas. The senior author spent about six weeks in 
the area, measuring detailed sections and making many fossil collections. 
Later both authors spent a week revisiting most of these sections and 
making additional collections. Still later the junior author spent an- 
other week in the area in company with E. O. Ulrich, again revisiting 
many of the sections and adding to the fossil collections. All the fossils 
have been studied in considerable detail by Ulrich and the junior author 
and compared with collections from equivalent strata elsewhere. 


1 Published by permission of the Director of the United States Geological Survey. 
2 Missouri School of Mines. 

3 United States Geological Survey. 

‘Manuscript received by the Secretary of the Society July 29, 1932. 
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Tue ELLENBURGER BASEMENT 
WILBERNS BEDS 


That our use of formation names may not be confused, it is imperative 
that we determine just what boundary Paige ° intended to draw between 
the Wilberns and the Ellenburger. In the area of the Burnet quadrangle 
this is obvious, for of the Wilberns he says: “Its upper limit is at the 
base of the overlying massive chert-bearing beds.” In the area men- 
tioned this contact is so conspicuous and so closely fits his descriptive 
terms that there is no mistaking it. The top of the Wilberns, below his 
contact, consists of thinbedded, noncherty, only slightly dolomitic lime- 
stones, whereas above the contact the strata are massive, bedding is much 
less conspicuous and more irregular, the rock is essentially dolomite, and 
chert and druse are abundant constituents. These conditions may be 
especially well seen east of Colorado River on the Tow and Naruna road 
and on the west side of the river about three-fourths of a mile above Fall 
Creek, where contacts are clearly exposed. 

As the unconformity below the Ellenburger is traced westward, the 
profusely cherty basal beds of the unit are overlapped, until at Camp San 
Saba the lowest layers of the formation are those that occur some 300 to 
400 feet above the base in the area around Tow. At and near Camp San 
Saba these lowest layers of the Ellenburger are thinbedded, almost non- 
cherty, and only slightly dolomitic limestones of middle Gasconade age, 
which can be distinguished from the underlying beds not by means of 
Paige’s description of the contact—which does not fit at all—but only 
by tracing certain well-marked overlying and underlying horizons from 
the area mapped by Paige. 

Along the main road from Tow to Naruna (Burnet quadrangle) an ex- 
cellent contact is to be seen just at the top of the hill northeast of the 
bridge over Colorado River. At this point the uppermost beds of the 
Wilberns are characterized by extremely abundant nearly spherical algae, 
presumably the “minute globular remains” described by Paige *® and the 
“Stromatopora beds” of Comstock.’ This zone is very persistent and 
constitutes an exceptionally fine horizon marker which may be conven- 
iently referred to as the Girvanella zone. Associated with these algae are 
numerous small cruciform sponge spicules similar to those occurring in 


5 Sidney Paige: U. S. Geol. Surv. Folio 183, 1912, p. 6. 


Op. cit., p. 7. 
7™T, B. Comstock : First Ann. Rept. Geol. Survey of Texas, 1889, p. 302. 
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the Fort Sill formation * in the Wichita and Arbuckle mountains. In the 
area about Tow the Girvanella zone definitely occurs in the extreme top 
of what Paige has defined and mapped as Wilberns, immediately under- 
neath the Ellenburger contact, the beds above it probably corresponding 
to the Potosi of the Ozark region. 

In the section at Camp San Saba on U. 8S. Highway 385 just north 
of San Saba River, this algal zone is inconspicuously but certainly de- 
veloped in the first outcrops seen above the river. About 35 to 50 feet 
below the algal zone there is an especially striking zone of very large 
Cryptozoons. This is most easily seen on U. S. Highway 385 at Camp 
San Saba on the south side of the river about 100 yards west of the 
road, and again at the top of the cliffs on the north side of the river about 
200 yards east of the crossing. It is well exposed about 200 yards down- 
stream from the ford across San Saba River on the Voca and Richland 
Springs road near the mouth of Tiger Creek, and may also be seen in 
excellent development on the west cliff perhaps half a mile down river 
from where the White Ranch Road crosses Llano River. This may well 
be the “Stromatocerium pavement” described by Comstock.® 

The individuals of the Cryptozoon reef average a foot or more in diam- 
eter and are not infrequently grouped in large masses at least 100 feet 
in diameter and 15 to 20 feet thick. The reef material is embedded in 
shaly layers which sag below the colonies as though compressed by their 
weight, and arch at the top, possibly by differential compacting about the 
less easily compacted limestone reef. : 

In the northwest portion of the Llano quadrangle, from a point 2 or 3 
miles west of Cherokee to the west edge of the quadrangle, this massive 
reef bed has been mapped widely as Ellenburger, although it is obviously 
in its normal position below the algal bed, which farther east has been 
generally considered to be the top of the Wilberns. It was, of course, the 
very massive development of the reef which led to the mistake in mapping. 
Eastward the reef thins rapidly, becomes quite inconspicuous, and ap- 
pears to be wanting at some places. 

Ulrich considers that the portion of the Wilberns from the base of 
the Crypotozoon reef to the top of the Girvanella zone is equivalent to 
strata in the Wichita Mountains to which he has given the name Fort 
Sill.1° This unit appears to be sufficiently different from the lower por- 


® Inasmuch as the formations in the Arbuckle and Wichita mountains that correlate 
with this portion of the section have not been described in print, brief descriptions pre- 
pared by E. O. Ulrich have been appended at the end of this article in order to satisfy 
the requirements of the United States Geological Survey that new formation names be 
defined. 

°'T. B. Comstock : First Ann. Rept. Geol. Survey Texas, 1889, p. 302. 

1 For description of the Fort Sill, see Ulrich’s note at the end of this article. 
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tion of the Wilberns to justify making a separate formation, although 
for the present it is still included in the Wilberns. Whether it is suffi- 
ciently like the Fort Sill to justify using the same name or whether 
a new name should be employed remains to be determined. 

There is a possibility that the Girvanella zone of the upper Wilberns 
(Fort Sill equivalent) may be the same zone that the senior author has 
recently described as the “pisolite bed” of the Derby dolomite of Mis- 
souri.’* Unfortunately, in the Missouri section there has been consid- 
erable dolomitization, and the internal structure of the spherical masses 
has been practically obliterated. This comparison with the Missouri 
Cambrian merits further consideration. 


POST-WILBERNS BEDS 

Just north of Camp San Saba on the Mason and Brady road, and over- 
lying the Girvanella zone which near Tow constitutes the top of the Wil- 
berns, occur about 100 feet of very thin-bedded, noncherty, highly fossil- 
iferous crystalline limestones in which glauconite is abundant to the very 
top. Above this are dense drab noncherty, nonglauconitic limestones 
that carry a middle Gasconade fauna. 

The beds in this section between the main algal bed and the base of the 
Gasconade equivalent are definitely post-Wilberns, if one rigidly re- 
stricts the term Wilberns to the beds included in that unit on the Burnet 
quadrangle, where none of these younger strata of pre-Potosi age is 
known to outcrop. Some of these beds are found in and closely adjacent 
to the extreme northwest corner of the Llano quadrangle, where they 
have been mapped as Ellenburger. In the same area, however, the 
Cryptozoon bed and the Girvanella zone elsewhere included in and defined 
as Wilberns are also included in the Ellenburger as mapped, so the prac- 
tice has obviously not been consistent. 

On both East and West Deep Creeks these same beds occur in and just 
beyond the northwest corner of the Llano quadrangle. Here the succes- 
sion is the same as at Camp San Saba on U. S. Highway 385, the Crypto- 
zoon bed being followed by the Girvanella zone and that in turn by the 
highly fossiliferous glauconitic post-Wilberns beds. 

About 3 miles west of Cherokee, on the other hand, in the vicinity of 
Heck Spring, cherty Ellenburger of lower Eminence age rests directly on 
the Girvanella zone. It is, therefore, obvious that the post-Wilberns heds 
go out of the section somewhere between East Deep Creek and Heck 
Spring, a distance of not more than 10 miles; and there is reason to be- 


uC, L. Dake: The geology of the Potosi and Edge Hill quadrangles. Missouri Bur. 
Geol. and Mines, 2d ser., vol. 23, 1930, p. 102. 
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lieve that they are absent just southwest of Kuykendall’s Ranch, where 
Wilberns (Fort Sill equivalent) is exposed but not mapped. Last of this 
the post-Wilberns beds have not been found, nor has the Potosi equivalent 
been found this far west, so the two horizons have nowhere been seen 
in contact. 

There seems to be no doubt, however, both from the fauna and the 
lithology of these beds, that they are much more closely related to the 
Wilberns below then to the overlying Potosi equivalent, and they are 
referred with much confidence to a post-Wilberns and pre-Potosi age. 

Ulrich correlates this zone with his recently recognized Signal Moun- 
tain formation '* of the Wichita Mountains. It remains to determine 
whether or not the lithologic character is sufficiently close to justify the 
use of his Oklahoma name. If not, and a new name is desired, the 
authors feel that it would be wise to revive and redefine Comstock’s poorly 
defined and now completely abandoned term “San Saba formation”,'* 
as especially appropriate, since good geographic names are so scarce in 
the area. 

This post-Wilberns, pre-Potosi unit has not been recognized in out- 
crop anywhere in Missouri. From the indications here this horizon is 
definitely younger than any Cambrian and older than any “Ozarkian” 
known in the Missouri section. 

The principal fossils of the Signal Mountain equivalent, that is, of the 
post-Wilberns, pre-Potosi beds, consist of two undescribed species of the 
trilobite Saukiella, which appear to be identical with forms found in the 
Signal Mountain formation in the Wichita Mountains. In addition, one 
of the upper layers contains a large number of small, closely coiled, plani- 
spiral gastropods, the exact affinities of which are as yet uncertain. The 
Texas beds therefore appear to be the equivalent of what Ulrich has 
designated the Saukinae zone of his Signal Mountain formation, and at 
the present time the authors are uncertain whether or not the entire sec- 
tion as displayed in the Wichita Mountains is represented in Texas. 


THE ELLENBURGER FAUNAL SUBDIVISIONS 


POTOSI EQUIVALENT 


In the eastern part of the Central Mineral Region, near Tow, the basal 
beds of the Ellenburger consist of coarsely crystalline, very massively 
bedded gray dolomite, with a great abundance of chert, much of it ex- 
tremely drusy. - In almost all respects it closely resembles the Potosi dolo- 


12 For description of this formation see appended note by E. O. Ulrich, at the end of 


this paper. 
23°T. B. Comstock: First Ann. Rept. Geol. Survey Texas, 1889, p. 301. 
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mite of Missouri, except that it does not possess the dark color and fetid 
odor of the Missouri beds. It underlies a zone that carries an undoubted 
Eminence fauna, and largely on the basis of its lithology and position 
beneath the Eminence, the senior author, in the field, referred to the beds 
provisionally as of Potosi age. Later the junior author found a few 
fossils which suggest strongly the correctness of the above interpretation. 

These fossils were collected some 50 to 60 feet above the base of the 
Ellenburger on the west bluff of the Colorado River about three-fourths 
of a mile above the mouth of Fall Creek, in and below a zone of highly 
silicified Cryptozoons. At 190 feet above the base, Eminence fossils were 
collected, indicating that the beds referred to the Potosi are not less than 
50 nor more than 190 feet in thickness. Thus far, the writers can offer 
no evidence of the relations of the apparently barren beds occupying this 
interval. 

The most characteristic fossils of the Potosi equivalent are gastropods 
belonging to the genus Scaevogyra, a form which is readily recognized by 
its sinistral habit. This genus was originally described from the Mendota 
dolomite of Wisconsin, where it is represented by at least three species, 
one of which, S. swezeyt Whitfield, has been subsequently identified by 
the junior author as the most common fossil in the Potosi dolomite of Mis- 
souri. Two of the species of this genus found in the Ellenburger are 
closely related to, if not identical with, species from the upper Missis- 
sippi Valley. Associated with these are fragmentary trilobites, some of 
which may be referred to Plethometopus, a genus which occurs in both the 
Potosi and Eminence of Missouri and also in the Mendota of Wisconsin. 


EMINENCE EQUIVALENT 

In the section on the west side of the Colorado River about three-fourths 
of a mile above the mouth of Fall Creek, from which Potosi fossils were 
taken at about 50 feet above the base, another collection of fossils was 
made from about 190 feet above the base of the Ellenburger, in which 
undoubted Eminence forms were recognized. The rock is medium to 
finely crystalline, dark-gray, smooth-weathering cherty dolomite. This 
lithology persists through about 50 feet of beds or up to 235 feet above 
the Wilberns contact. From 50 feet to 180 feet in this section the rock 
is coarsely crystalline nearly chert-free dolomite, in which no fossils were 
found, and no satisfactory contact could be drawn between the Potosi 
and the Eminence equivalents. Above the Eminence representative the 
rock is coarse, granular, light-gray craggy dolomite, nearly chert-free, 
from which no fossils were obtained, to the top of the hill at about 285 
feet above the base of the Ellenburger. The fossils appear to range 
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FAUNAL ZONES OF THE ELLENBURGER ARE EXPRESSED IN TERMS OF MISSOURI STRATIGRAPHIC UNITS. 


FAUNAL ZONES OF THE WILBERNS ARE EXPRESSED IN TERMS OF OKLAHOMA STRATIGRAPHIC UNITS. 
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Figure 2.—Faunal Correlation of the Ellenburger and underlying Beds 
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through about 50 feet of beds from 183 feet to 235 feet above the Wilberns 
contact, and this is all that can as yet be assigned with any certainty to 
the Eminence equivalent. 

At about 3.3 miles north of Cherokee on the San Saba road, along a 
broad flat, occur many masses of drusy chert in which a few fossils were 
collected, among them undoubted Eminence forms. The topography is 
very flat, and there is no opportunity to measure an exact section, but 
the zone is estimated to be not over 50 feet above the Wilberns contact. 
This would indicate that in coming from the foregoing locality to this 
one the Potosi equivalent had largely, probably wholly, dropped out of 
the section, with the Eminence representative much closer to or resting 
directly on the Wilberns (Fort Sill equivalent). No data could be ob- 
tained as to the thickness of the Eminence equivalent in this area. 

About 5 miles west of Cherokee on the Llano quadrangle near bench- 
mark 1615 there is a broad flat with outcrops of cherty gray dolomite and 
much residual drusy chert. From this locality Ulrich and the junior 
author collected a few Eminence fossils. At this locality, also, it is quite 
impossible to measure any adequate section, but the structure makes it 
doubtful whether more than 25 to 30 feet of strata intervene between 
the algal bed and the fossiliferous cherts. 

This locality is the westernmost at which beds of Eminence age have 
been definitely recognized. Still farther west, at Camp San Saba, beds 
of approximately middle Gasconade age rest directly on the Signal Moun- 
tain equivalent, that is, on the post-Wilberns, pre-Potosi zone. 

The few fossils thus far found in this zone are very fragmentary and 
poorly preserved, but there is no doubt of their age. The most abundant 
form is a species of Stenopilus which is either identical with or closely 
related to S. latus Ulrich,’* recently described from the Eminence of 
Missouri. A single cranidium of Kuplychaspis typicalis Ulrich,’® an- 
other characteristic Eminence species has also been found. In addi- 
tion, the collections contain a fragmentary pygidium referable to Pletho- 
peltis,® a genus which is common in the Eminence and equivalent hori- 
zons. The gastropods are represented by a very peculiar undescribed 
Euomphaloid type which was originally found in the Eminence. 


VAN BUREN EQUIVALENT (?) 


At about 5.0 miles north of Cherokee on the San Saba road, large col- 
lections of fossils were obtained from residual cherts. Among these were 


“EE. O. Ulrich: In J. Bridge, Geology of the Eminence-Cardareva quadrangles, Mis- 
souri Bur. Geol. and Mines, 2d ser., vol. 24, 1931, pp. 217-18, 221, 229. 

15 Op. cit. 

16 Op. cit. 
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several specimens closely resembling, if not identical with, Rhachopea 
tyca Ulrich and Bridge,’’ which in Missouri is limited to the Van 
Buren. No other characteristic Van Buren forms were secured from 
that zone but, on the contrary, the same collection contained a large num- 
ber of species characteristic of the Gasconade, Oneota, and Chepultepec 
formations. Unfortunately, it is not known whether or not the Rhachopea 
occurred in the same boulders with the Gasconade fossils, and it is by no 
means certain whether the Van Buren is actually represented or whether 
the form here has a greater range than in the region where it was first 
described. The cherts from which these collections were made are ex- 
posed in a shallow road cut and appear to represent a zone only 3 or 4 
feet thick, so that the latter interpretation appears to be the more probable. 


GASCONADE EQUIVALENT 


A section was measured at the west base of Indian Mountain (so named 
in the northwest portion of the Burnet quadrangle, but so far as could 
be discovered not known locally by this name). About 100 feet above 
the base of the section drusy chert, much of it essentially in place, yielded 
gastropods and cephalopods that are clearly of Gasconade age. The rock 
is medium to finely crystalline, gray to dark-gray cherty dolomite. No 
fossils were found in this section below 100 feet, so it is not yet known 
where to place the base of the Gasconade equivalent. It is possible that 
some of the lower beds may be Eminence in age. 

At 290 feet up in this same section similar fossils were found in essen- 
tially similar rock. Faulting was feared, but none was detected, even 
with the most careful search, and it seems probable that this unit of the 
Gasconade equivalent extends from 100 feet to about 360 feet in the sec- 
tion. It is overlain by dense white limestone that extends from 360 
feet to the top of the hill at 420 feet. These dense beds yielded no fossils 
at this locality, but elsewhere they have shown undoubted Gasconade 
forms, as will presently be pointed out. 

The crystalline cherty dolomites with Gasconade fossils, described in 
the foregoing paragraph and showing a thickness of 260 feet or perhaps 
more, have been conveniently referred to as the lower Gasconade equiva- 
lent. This lower Gasconade representative was seen as far west as West 
Deep Creek but is definitely not present in the carefully measured section 
at Camp San Saba, although boulders of chert float have been collected 
here which carry this fauna. These, however, may be stream gravels 
brought down from unvisited outcrops farther west. 


IT Op. cit. 
XLVIII—BvLL, GEOL. Soc. AM., Vou, 43. 1932 
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About 5.0 miles north of Cherokee on the San Saba road a large collec- 
tion of fossils representing a highly characteristic Gasconade faunule 
was obtained from very heavy drusy residual cherts. The topography is 
such that it is wholly out of the question to measure a detailed section, 
but the beds are essentially like those which yielded the fossils mentioned 
in the preceding paragraphs. There is little question that they rest di- 
rectly on the Eminence equivalent. 

About 6.6 miles north of Cherokee on the San Saba road, or about 1.6 
miles north of the preceding location, the crystalline beds of the lower 
Gasconade equivalent are overlain by dense white beds like those at the 
top of the Indian Mountain section. From these were obtained at 6.7 
miles and at 7.4 miles north of Cherokee fragmentary fossils of Gasconade 
affinities, but of types which are sparingly represented in the Missouri 
section. These beds are referred to as the middle Gasconade equivalent. 

On U. S. Highway 385 about 0.8 mile north of where it crosses San 
Saba River at Camp San Saba this middle dense, sparingly cherty mem- 
ber of the Gasconade representative rests, as already pointed out, directly 
on post-Wilberns, pre-Potosi beds of Signal Mountain age, with the 
Potosi, Eminence, and lower Gasconade equivalents completely missing. 
In this section the middle dense member is about 140 feet thick. From 
it have been collected fossils which Ulrich says represent a western phase 
of the Gasconade also found in the Wichitas. This is the lowest con- 
spicuous limestone in the Ellenburger formation. The same zone with 
fossils was noted southwest of Mason on the White Ranch road, about 
7.0 to 7.25 miles west of the crossing of Llano River. No section could 
be measured. Ulrich believes that this middle member represents a char- 
acteristic western invasion and should prove of great value for that reason 
in correlation of the eastern with the Cordilleran sections. 

Above this dense white middle member, the writers were able to meas- 
ure, north of Camp San Saba, about 100 feet of gray medium-crystalline 
cherty dolomite. Beyond this the topography flattens until it is practi- 
cally impossible to make further measurements. From the top of this 
100 feet, at 2.5 miles north of San Saba River on U. S. Highway 385, fos- 
sils were collected that are still typically Gasconade. This unit has for 
convenience been termed the upper Gasconade equivalent. 

The following forms have been identified from the various members 
of the Gasconade equivalent. The lower member carries an abundant 
fauna characteristic of the Gasconade, Oneota, and Chepultepec forma- 
tions, including the following described species: 


Helicotoma uniangulata (Hall) 
Pelagiella paucivolvata (Calvin) 
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Gasconadia putilla (Sardeson) 

Sinuopea humerosa (Ulrich) 

Sinuopea, three or four undescribed species 

Ozarkina typica Ulrich and Bridge 

Ozarkina sp. 

Hypseloconus sp. 

About six species of straight and slightly curved undescribed cepha- 
lopods, five of which occur in one or another of the three forma- 
tions mentioned above. 


The white limestone, or middle zone, is characterized by an abundance 
of the gastropod Eccyliomphalus gyroceras (Roemer) '* and may be con- 
veniently referred to as the Eccyliomphalus gyroceras zone. The zone 
also contains a large number of cephalopods referable to Levisoceras and 
Dakeoceras. This horizon is not known in Missouri, but is designated 
provisionally as the middle Gasconade zone because of its position be- 
tween the typical upper and lower Gasconade faunal zones. 

The cherts derived from the beds overlying this limestone, that is from 
the horizon referred to as the upper Gasconade equivalent, carry a num- 
ber of typical Gasconade species, some of which were also found in the 
lower zone. Among the latter are: 


Ozarkina typica Ulrich and Bridge 
Gasconadia putilla (Sardeson ) 
Pelagiella paucwolvata (Calvin) 


The new elements of the fauna are certain large species of Ophileta and 
Helicotoma, as well as a number of characteristic but undescribed cepha- 
lopods and trilobites. 


POSSIBLE TRIBES HILL 


STONEHENGE EQUIVALENT 


None of the collections made by the authors has yielded fossils of post- 
Gasconade, pre-Roubidoux age. However, Ophileta polygyrata (Roe- 
mer) 7° resembles O. hunterensis (Cleland) *°—(Polygyrata sinistra Wel- 
ler) * so closely as to raise strong doubts as to whether they should not be 
regarded as the same species. The similarity of these three forms was 
originally pointed out by Weller, who based his conclusions entirely on 
descriptions and figures. Recently the junior author has had the op- 


1 F, Roemer: Die Kreidebildungen von Texas, Bonn, 1852, p. 91, pl. 11, figs. 6a-b. 

19F, Roemer: Die Kreidebildungen von Texas, Bonn, 1852, p. 91, pl. 11, figs. 4a-b. 

20H. F. Cleland: Bulls. Am. Pal., vol. 3, 1900, p. 124 (252), pl. 17, figs. 1, 2, 7, 8; 
idem, vol. 4, 1903, p. 16, pl. 4, figs. 1-2. 

21S. Weller: Geol. Survey New Jersey, vol. 3, the Paleozoic faunas, 1903, p. 130, pl. 
4, figs. 1, 2. 
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portunity of comparing the type specimens of all three species and has 
concluded that Polygyrata sinistra Weller is a synonym of Ophileta hun- 
terensis (Cleland). For the present O. polygyrata is regarded as a closely 
allied form. In fact it resembles O. hunterensis far more closely than 
any of the various species of Ophileta collected from either the Gasconade 
or Roubidoux equivalents. Roemer’s specimen came from outcrops in the 
San Saba Valley which are several miles west of any section studied by 
the writers, and the resemblance noted above suggests the possibility of 
the presence of a zone corresponding to the Tribes Hill and Stonehenge 
of the northern Appalachian region, which has been overlooked in our field 
work, 
ROUBIDOUX EQUIVALENT © 


At about 8.4 miles and again at about 9.1 miles north of Cherokee on 
the San Saba road, moderately to finely crystalline cherty dolomite yielded 
fossils, the latter locality affording unusually fine collecting. These col- 
lections are undoubtedly Roubidoux in age. In this locality there is no 
opportunity to measure a section, but it is obvious that it overlies the 
Gasconade equivalent. 

At the point where the White Ranch road crosses Llano River, about 
10 miles southwest of Mason, an interesting section occurs on the north- 
east side of the river about 700 paces upriver from the concrete runway. 

In this section the lower 50 to 60 feet consists of medium-crystalline 
gray dolomite, in which no fossils were fourid. Above that the beds are 
very dense white limestone, lithologically almost like the dense middle 
member of the Gasconade equivalent. At 160 feet up or at about 100 
feet above the base of the dense member, fossils were seen which the junior 
author reported in the field to be of undoubted Roubidoux age, though 
they were so poor that collections were not made. Roubidoux fossils were 
also collected at 265 feet up, and 40 feet higher similar beds are overlain 
by Marble Falls limestone, of Pennsylvanian age. The dense white lime- 
stone member of the Roubidoux equivalent is, therefore, about 250 feet 
thick. 

It was not possible at this point to determine the age of the crystalline 
dolomite at the base of this section. However, on the west side of Llano 
River along the White Ranch road, about 1.3 miles from the concrete 
runway, occur very similar crystalline cherty dolomites that yielded 
abundant highly characteristic Roubidoux forms, apparently of the same 
zone that is found at 9.1 miles north of Cherokee on the San Saba road. 
The dips here indicate strongly that this zone passes below the dense white 
phase of the preceding paragraph. Conditions here were such that it 
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was not deemed feasible to measure a section, but there is little question 
but that this phase is represented by 100 feet or more of beds. 

The Roubidoux representative, therefore, consists of at least two well- 
marked members, a basal unit of not less than 100 feet of medium 
crystalline gray cherty dolomite and an upper member of not less than 
250 feet of essentially noncherty, very dense light-gray limestone. The 
lower member of crystalline character was noted at two widely separated 
points about 9 miles north of Cherokee and about 10 miles southwest of 
Mason at the White Ranch crossing of the Llano River. The upper dense 
phase was also noted at the latter place and again probably on Honey 
Creek, some 10 miles southeast of Llano. 

The fauna of the Roubidoux equivalent in Texas is more varied than 
that of the Roubidoux proper in the Ozarks. Syntrophina campbellt 
(Walcott) and Roubidouria sp. undesc. appear to be common to both 
areas, while the common and diagnostic Roubidoux genus Lecanospira is 
represented by L. sanctisabae (Roemer) ** and probably by other forms. 
The collections at one locality contained a species of Ophileta resembling, 
but still differing markedly from O. solida Butts, originally described 
from the Longview limestone of Alabama. In addition the collections 
contain a number of other forms—gastropods, cephalopods, and trilobites 
belonging to undescribed species. 


JEFFERSON CITY EQUIVALENT 


A very long section was measured along Honey Creek about 10 miles 
due southeast of Llano. The section begins where Wilberns is faulted 
against Ellenburger due south of Dancer Flat and continues southeast 
downcreek to the base of the Marble Falls. As a result of favorable 
relations between topographic conditions and dips, an almost perfect 
section of some 750 feet of upper Ellenburger can be measured here, the 
entire section being probably “Canadian.” The lower 150 feet of this 
section yielded extremely fragmentary fossils that suggest Roubidoux 
age but are not good enough for positive determination. The lithology 
also corresponds with that of the dense upper member of the Roubidoux 
equivalent. 

At about 430 feet in the same section in dense gray limestone essen- 
tially like the Roubidoux equivalent and without any marked lithologic 
varieties intervening, a collection was obtained which is either of Jeffer- 
son City or Cotter age; but uncertainties regarding the proper or pos- 
sible separation of these units even in the type section of the Ozarks make 
any satisfactory determination impossible with present information. The 


22 F, Roemer: Die Kreidebilgungen von Texas, Bonn, 1852, p. 91, pl. 11, figs. 5a, b. 
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presence or absence, then, of an equivalent of the Jefferson City of the 
Ozark region probably can not be determined with satisfaction without 
more work, not only in the Texas section but also in Missouri. 

This same zone with similar lithology was also noted about 9.7 miles 
north of Cherokee on the San Saba road. It is clearly either Jefferson 
City or Cotter. 

About 1.5 miles south of the bridge that crosses the Colorado River 
at the town of Marble Falls on Texas State Highway No. 108, very dense 
white limestones yielded forms that are probably Jefferson City or Cotter 
of about the same horizon found 9.7 miles north of Cherokee and at 430 
feet in the section of Honey Creek. Topographic conditions would not 
permit the measuring of a section. 

The principal fossil in this zone is a silicified sponge, a species of 
Calathium which appears to be conspecific with an undescribed species 
occurring in the Jefferson City dolomite of Missouri. None of the char- 
acteristic Jefferson City trilobites has been recognized in the few small 
collections which we have obtained from this Calathium zone, but collec- 
tions made in the same section by Walcott show an abundance of these 
forms. 

COTTER EQUIVALENT 

In the section on Honey Creek, southeast of Llano, to which reference 
has just been made, the beds from about 500 feet to the top of the Ellen- 
burger at 750 feet consist of medium to fine crystalline pinkish gray lime- 
stone in sharp contrast to the much denser beds below. At from 680 to 
720 feet in this section, and not over 30 or 40 feet below the base of the 
Marble Falls limestone, fossils were found which are clearly Cotter or 
younger. It may be said with certainty that in this section all of the beds 
from 430 feet to the top at 750 feet are Upper “Canadian,” that is, not 
older than Jefferson City and presumably not younger than Cotter. Fos- 
sils collected here by Walcott many years ago were referred by Ulrich to 
the “Yellville” (Cotter) in the Llano-Burnet Folio. 

About 9.7 miles north of Cherokee, on the San Saba road, and appar- 
ently thrown against beds of Roubidoux age by a fault, are dense white 
limestones very similar to the Roubidoux equivalent, which, however, 
yielded fossils that are of either Jefferson City or Cotter age, probably 
about the horizon represented by the collection at 430 feet in the preced- 
ing section on Honey Creek. 

At 11.4 miles north of Cherokee, residual chert from a finely crystalline 
limestone yielded forms that probably represent more nearly the horizon 
at 700 feet in the section on Honey Creek. At neither of the latter two 
localities was it possible to measure a section of any importance. 
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The following forms have been identilied from the uppermost zone 
of the Canadian, represented by the finely érystalline limestone at 700 
feet in the Honey Creek section, and by the beds at 11.4 miles north of 
Cherokee, on the San Saba road. 


Orospira cf. bigranosa Ulrich 
Ceratopea, two species 
Ophileta cf. canadensis (Billings) 


These occur associated with a number of undescribed forms identical 
with or closely allied to Cotter species. 


SUMMARY 


The major results of this work may be briefly summarized as follows: 

1. The Ellenburger rests unconformably on several horizons of the 
older (Wilberns and post-Wilberns) beds, the series across which it laps 
being older to the east, near Tow, with successively younger units appear- 
ing below the unconformable basal contact as the beds are traced west- 
ward toward Camp San Saba. 

2. The base of the Ellenburger as here defined varies greatly in age, 
beginning with beds as old as Potosi in the eastern portion, near Tow, 
with the basal beds successively suppressed as one passes westward, until 
at Camp San Saba the lowest unit above the basal unconformity is ap- 
proximately of middle Gasconade age. 

3. There are now recognized in the Ellenburger several units which 
faunally are surprisingly close to those of the Ozark region of Missouri. 
Of these the Potosi and Eminence equivalents seem to be limited to the 
northeast portion of the uplift, in the general vicinity of Tow. Beds of 
Proctor and Van Buren age have not been identified with certainty, but 
the Gasconade equivalent is typically represented and has proved to be 
much more widespread than the older units. Strata of Roubidoux age 
are excellently developed and widely distributed throughout the uplift. 
The Jefferson City fauna is represented at two or three localities, but 
there is some question as to whether the beds containing it constitute a 
separate and identifiable unit, or whether they should be united with the 
Cotter equivalent, which is typically developed and well distributed. No 
beds younger than Cotter have thus far been identified as part of the 
Ellenburger. 

4, In addition, certain other zones are represented in the Ellenburger 
that do not occur in the Missouri section. 

5. The thickness of the Ellenburger is much greater than has previ- 
ously been supposed, the total being in the neighborhood of 2,000 feet 
instead of the commonly accepted figure of approximately 1,000 feet. 
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6. Although our studies have shown the existence of a certain lithologic 
sequence within the Ellenburger, which, when taken together with the 
faunal succession, will eventually allow it to be subdivided into a num- 
ber of formations, we hesitate to propose formational boundaries at this 
time and content ourselves with calling attention to the various faunal 
equivalents which have been recognized. The final separation into carto- 
graphic units must await detailed mapping on an accurate topographic 
base. 

7. Naturally it is not proposed to carry the Missouri formation names 
over to the Texas section, but only to use them temporarily for purposes 
of correlation. 

EXPLANATION OF PLATE 
PLATE 12.—Fossils from the Ellenburger Limestone 


1. Scaevogyra swezeyi. Whitfield. Dorsal view. Basal Ellenburger, (Potosi 
equivalent). West bank of Colorado River, 0.75 miles northeast of the 
mouth of Fall Creek, San Saba County, Texas. Plesiotype.—United 
States National Museum number 86944. 

2. Scaevogyra elevata. Whitfield. Lateral view. Same horizon and local- 
ity as the preceding. Plesiotype——United States National Museum num- 
ber 86945. 

3. Euptychaspis typicalis. Ulrich. Ventral view of an imperfect cranidium. 
x 38. Residual cherts of the lower Ellenburger limestone (Eminence 
equivalent), 3.8 miles north of Cherokee, San Saba County, Texas, on 
the Cherokee-San Saba road. Plesiotype.—United States National Mu- 
seum number 86946. 

4. Stenopilus cf. 8. Jatus. Ulrich. Dorsal view of an incomplete cranidium. 
Residual cherts of the lower Ellenburger limestone (Eminence equivalent) 
170’ above base of formation, on west bank of Colorado River. 0.75 
miles northeast of the mouth of Fall Creek, San Saba County, Texas. 
Plesiotype——United States National Museum number 86947. 

5. Gasconadia cf. G. putilla (Sardeson). Lateral view of an incomplete speci- 
men X 2. Residual chert of the Ellenburger limestone (Gasconade 
equivalent), 2.5 miles north of Camp San Saba, McCulloch County, 
Texas, on the Mason-Brady road. Plesiotype——United States National 
Museum number 86948. 

6. Eccyliomphalus gycoceras (Roemer). Natural sections of two specimens 
showing the characteristic mode of occurrence. Lowest white limestone 
horizon of the Ellenburger (Gasconade equivalent). 1.45 miles north 
of Camp San Saba, McCulloch County, Texas, on the Mason-Brady road. 
Plesiotype.—United States National Museum number 86949. 

7. Helicotoma uniangulata (Hall). Dorsal view of an average sized speci- 
men. Residual chert of the Ellenburger limestone (Gasconade equiv- 
alent), 4.5-5 miles north of Cherokee, San Saba County, Texas, on Chero- 
kee-San Saba road. Plesiotype——United States National Museum num- 
ber 86950. 

8. Pelagiella paucivolvata (Calvin). Dorsal view. The spire is extremely 

low, scarcely rising above the body whorl. The latter is strongly com- 
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EXPLANATION OF PLATE 741 


pressed dorso-ventrally and sharply angled on the periphery. Same hori- 

zon and locality as the preceding. Plesiotype——United States National 

Museum number 86951. 

9. Ozarkina typica, Ulrich and Bridge. Ventral view of an incomplete speci- 
men. Residual chert of Ellenburger limestone (Gasconade equiv- 
alent), 2.5 miles northwest of Camp San Saba, McCulloch County, Texas, 
on the Mason-Brady road. Plesiotype.—United States National Museum 
number 86952. 

10. Ophileta polygyrata (Roemer). Dorsal view of the holotype. Ellenburger 
limestone (?Tribes Hill equivalent), San Saba River valley near the 
Mason-Menard County line about 15 miles southwest of Camp San Saba. 
Original in the Museum of the University of Bonn, Germany. 

11-12. Roubidouria umbilicata, Ulrich and Bridge, n. sp. 

11. Lateral view of a silicified fragment of the body whorl, spire restored 
from other specimens. 

12, Same specimen as seen from above. Fragments of this sort are com- 
mon in residual cherts of the Roubidoux equivalent at several 
localities. 

Description: Shell large, conical, consisting of five or six rapidly 
expanding whorls. Apical angle 85°. Whorls rhomboidal in cross 
section ; upper and lower surfaces flat and approximately parallel ; 
outer slope sigmoidal in profile, concave above, convex below, the 
peripheral keel at the lowest portion of the whorl strongly pro- 
duced and overlapping onto the whorl below. Base flat or slightly 
concave. Umbilicus about half the diameter of the final volution, 
open, exposing all the whorls. Surface markings as indicated in 
Fig. 11. These also serve to show the outline of the aperture. 
The types of this species (which is also the type of the genus) 
are from the Roubidoux formation of Missouri. The figured speci- 
men, a plesiotype (U. S. N. M. No. 86953), is from residual chert 
of the Ellenburger limestone (Roubidoux equivalent) on the White 
Ranch road, 1.3 miles southwest of the crossing of Llano River, 
Mason County, Texas. The species is also abundant in the lime- 
stones and dolomites of the Roubidoux equivalent at several lo- 
ealities. 

13-14. Lecanospira sancti-sabae (Roemer). 

13. Ventral view of the holotype. 

14. Natural section of the body whorl at (a). 

Ellenburger limestone (Roubidoux equivalent) somewhere between 
Pontotoe and the San Saba River. Original in the Museum of the 
University of Bonn, Germany. 

15. Calathium sp.—aA large silicified sponge which is rather common in upper 

' portion of the Ellenburger (Jefferson City or Cotter equivalents). Sponges 
of similar types are also found in the Monument Spring dolomite of the 

Marathon region and in the El Paso limestone. The figured specimen, 

United States National Museum number 86954, is from the upper part 

of the Ellenburger limestone (?Jefferson City equivalent), about 450 feet 

above the base of the section on Honey Creek, about nine miles southeast 


of Llano, Llano County, Texas. 
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AppENDIX: PreLiminary Description oF THE Honey Creek, Fort 
Siti, Royer, AND SiGNaL Mountain ForMATIONS OF OKLAHOMA; 
BY E. O. ULricn 


The Reagan Sandstone as defined by Taff ** included a considerable 
thickness of caleareous beds which were separated from the Arbuckle 
limestone because they were thought to contain a Middle Cambrian fauna. 
This fauna was subsequently recognized as Upper Cambrian, and in the 
Revision ** I proposed the name Honey Creek limestone member for 
these strata, still considering them a part of the Reagan. 

Later work in the Llano-Burnet area in Texas has resulted in a three- 
fold division of the Cambrian into the Hickory, Cap Mountain, and Wil- 
berns formations. The first corresponds essentially to the Reagan of 
Oklahoma and the main portion of the last to the Honey Creek member, 
leaving the Cap Mountain unrepresented in the Oklahoma section except 
at a single locality on the south side of the Arbuckle Mountains in the 
Pickens Ranch section, 10 miles northwest of Tishomingo (section 13, 
township 3 south, range 4 east). Because of the known absence of strata 
corresponding to the Cap Mountain in most of the sections which have 
been examined in the Arbuckle and Wichita mountains, it seems advis- 
able to raise the Honey Creek member to the rank of a formation which 
is essentially the equivalent of the Wilberns of Texas, the Davis of Mis- 
souri, and the Franconia of Wisconsin. The name is taken from Honey 
Creek, a tributary of Washita River which rises in the Arbuckle Moun- 
tains and flows northeastward around the west end of the East Timbered 
Hills. A good section of these strata, exposed in the Canyon of the creek 
above Turner’s Falls, is given below. 


Section of Honey Creek and adjoining Formations along Honey Creek on the 
south Side of East Timbered Hills in Section 1, Township 2 South, Range 1 
Yast, Oklahoma 


Feet 
Lower “Ozarkian” : 
Royer formation: 
Massive dolomitic marbles with intercalations of thinner-bedded 
pure limestone. 


J. A. Taff: U. S. Geol. Survey Atlas, Folio 79, Atoka, p. 3, 1902; U. S. Geol. Survey 
Atlas, Folio 98, Tishomingo, p. 3, 1903. 

**E. O. Ulrich: Revision of the Paleozoic Systems, Bull. Geol. Soc. Am., vol. 22, 1911, 
pp. 604, 661. 
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Unconformity 
Upper Cambrian: 
Honey Creek formation: 

Thin-bedded argillaceous and shaly limestone, often yellow with 
some conglomerate, probably intraformational. The Ptychaspis 
zone. One-quarter mile east of Honey Creek this bed is want- 

Probable Hiatus 

Uneven plates of crystalline limestone, many of them very fossil- 
iferous, separated by clayey and more or less glauconitic seams, 
Grains of glauconite scattered through the limestones. The 
trilobites of the Pterocephalia zone abundant in the lower 20 
feet, the Eoorthis zone next above. <A layer with crinoid frag- 
ments near the base and another or two in the upper third.... 80 

—— Hiatus, the Cap Mountain formation wanting. 
Reagan Sandstone: 

Fine-grained, slightly calcareous laminated sandstone and grits; 

rather coarse and cellular at top (probably reworked mate- 


Coarse grit and quartzite with some conglomerate mainly at the 
base which rests on an uneven floor of porphyry, about........ 80 


The Elvinia-Pterocephalia zone which characterizes the lower portion 
of the Wilberns is clearly recognizable in the lower third of the Honey 
Creek ; above this is the Hoorthis zone and following this is the Taeni- 
cephalus zone. 

At the top of the formation is a zone which is more limy and much less 
glauconitic than the underlying beds. It is characterized by several 
species of Ptychaspis, one of which may be conspecific with a form found 
in the Franconia. 

All of the four faunal zones mentioned occur in the Franconia of Wis- 
consin and the lower three are well developed in the Davis formation of 
Missouri, the T'aenicephalus zone making the extreme top of that forma- 
tion. 

The Honey Creek formation has a thickness of 124 feet at the type 
locality, but it is subject to considerable fluctuation in extremely short 
distances, owing primarily to the removal of the upper beds which con- 
stitute the Ptychaspis zone. In the Wichita region the Honey Creek 
attains greater thicknesses, the average being approximately 250 feet. 
Most of this excess thickness is caused by additions to the base and 
top of the formation, although the intervening zones are also thicker than 
in the outcrops in the western half of the Arbuckles. 

The Fort Sill and Signal Mountain formations are two units occurring 
in the base of the Arbuckle limestone in both the Arbuckle and Wichita 
uplifts. The lower of these, the Fort sill, rests unconformably on the 
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Ptychaspis zone of the Honey Creek formation in most sections which 
have been studied, but locally it overlaps this horizon and rests upon 
older strata. The contact is commonly marked by a thin zone of re- 
worked and detrital material in which glauconitic material is abundant, 
and this in turn is overlain by a conglomeritic zone. In the Wichita 
Mountains the Fort Sill is everywhere succeeded by the Signal Mountain 
formation, but in the Arbuckles the two formations are separated by 100 
to 600 feet of tough, massive, sparingly fossiliferous dolomite which repre- 
sents another formation that I have termed the Royer marble ** wedging 
in between them. The name is derived from the Royer Ranch, near the 
East Timbered Hills, on the Ardmore-Davis highway, where a good sec- 
tion of these beds is exposed. 

The Fort Sill formation is named from exposures in a small quarry 
on the Fort Sill Military reservation on the east side of the highway be- 
tween Fort Sill and Lawton (southeast one quarter, section 8, township 
2 north, range 11 west). Only about 40 feet of the formation is ex- 
posed here. The most abundant fossil is a species of Bulingsella which 
occupies a constant horizon near the base of the formation in all sections 
examined and which allows the section to be correlated with other better 
exposed sections nearby. 

A complete section of the Fort Sill is found about 6 miles west of 
Fort Sill and 1 mile south of Signal Mountain in section 7, township 2 
north, range 12 west, where about 150 feet of strata assigned to this 
formation are exposed. At this locality the strata strike north 15 de- 
grees east and dip about 10 degrees to the southeast. 


The section at this point is as follows: 
Feet 
Signal Mountain formation: 
Thin layer of calcareous sand containing an abundance of glauconitic 
material, taken as the base of the Signal Mountain formation. 
Fort Sill formation: 
Rather massive fine-grained gray to dove-colored limestone. Sponge 
spicules abundant in zone near the top. Gastropod and trilobite 
Thin-bedded laminated fine-grained gray to dove-colored limestone in 
beds from 2 to 6 inches thick separated by thin shale partings. 
Principal fossils are trilobite fragments, which are found through- 
out the entire thickness. Zone of crinoid plates and discoidal 
gastropods near the top. A conspicuous zone of brachiopods 
(Billingsella sp.), evidently the same horizon as is exposed in the 


quarry at Fort Sill, marks the base of the umit..................4. 34 
Limestone similar to the above, with large trilobite fragments (Bris- 


2. O. Ulrich: Okla. Geol. Survey, Bull. 45, 1927, p. 28. 
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Feet 
Limestone similar to the above but with the dove-colored varieties 
predominating, base irregular, marked by a thin green seam of 
weathered and redeposited material; entire zone fossiliferous, tri- 


Honey Creek formation : 
Ptychaspis zone of the Honey Creek exposed thickness.............. 5 


A much thicker section is exposed on the north side of the Wichita 
Mountains in section 17, township 4 north, range 12 west, where the fol- 
lowing section was measured : 

Feet 


Fort Sill formation: 
Massive more or less dove-colored limestone, no fossils observed.... 40 


Yellow, blotched granular, irregularly laminated limestone.......... 14 
Yellow, blotched granular, irregularly laminated limestone.......... 13 
Massive finely granular brownish gray limestone.................. 10 
Medium-thick to massive ledge of dove-colored limestone............ 80 
Rather heavy bedded, laminated fine-grained limestone with silicified, 
inosculating worm burrows; sponge spicules abundant............ 65 
Similar to the preceding but with the beds and laminations thinner 
and with the silicified burrows thicker and more common........ 75 


The base of this division carried Billingsella n. sp., in abundance and 
probably is the same horizon as the exposures in the quarry at 
Fort Sill. 

Limestone similar to the preceding but more shaly................ 30 

Pure dove-colored limestone with undulating laminations, trails, and 
burrows. The latter are not as abundant as in the overlying beds. 


The underlying strata carry the Ptychaspis fauna of the Honey Creek. 
This is the thickest section of the formation that has been measured. 
Zonal collecting of fossils was done mainly in the excellent and unusually 
fossiliferous section south of Signal Mountain. At this locality four 
main zones are recognized. 1. A lower zone comprising the lower 50 
feet of the section and characterized by Plethometopus armatus (Billings) 
and Platycolpus cf. capax (Billings). 2. A zone about 10 feet thick lying 
about 50 feet above the base of the section south of Signal Mountain 
and characterized by an undescribed species of Billingsella. This is the 
zone exposed in the quarry at Fort Sill and may be conveniently designated 
the Billingsella zone. It also carries Platycolpus cf. capar (Billings) 
and the trilobites of zone 1. 3. A zone characterized by small gastropods 
and dissociated crinoid plates and column segments occurs from 60 to 75 
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feet above the base of the section south of Signal Mountain. The gastro- . 


pods are of two general types—one a high-spired form allied to Sinuopea 
or Gasconadia, the other discoidal and allied to Ozarkina or Lecanosjira. 
This last is probably identical with “Straparollus” primordialis Winchell 
from the Devils Lake sandstone of Wisconsin, which also contains the 
characteristic trilobites of the Fort Sill, namely Briscoia sinclairensis, 
Plethometopus armatus, and Platycolpus ef. capax. Consequently the 
two formations are regarded as essentially equivalent. 4. In the upper 
50 feet of the same section is a fourth zone characterized by a very pecul- 
iar, but as yet undescribed, genus of gastropods. 

Briscowa sinclairensis Walcott is common in the lower half of the forma- 
tion, and the genus itself is represented throughout its entire thickness. 

The dominant and characteristic fossil of the Fort Sill formation is a 
kind of hexactinellid glass sponge (?Protospongia), the separated cruci- 
form spicules of which occur often very abundantly on and beneath the 
surface of the thin layers of fine-grained limestone that make up the 
greater part of the formation. These spicules have been observed in 
every outcrop of the formation that I have studied. They were found 
only a few feet or inches above its base and also close to its top; and as 
they have not been observed either beneath or above the Fort Sill, the 
discovery of a single spicule of its kind in thin-bedded limestone of Fort 
Sill type has been assumed to identify the formation in these areas. 

The Signal Mountain formation is named from the exposures in sec- 
tion 8, township 2 north, range 12 west, about a mile south of Signal 
Mountain, one of the prominent peaks at the east end of the Wichita 
Range. Signal Mountain itself is a pre-Cambrian hill, but the beds 
to which the name is here applied are in plain sight of it and no other 
good name is available. 

In this section it overlies the Fort Sill formation, the base being 
marked by a clastic zone about 35 feet thick consisting of calcareous sand- 
stone with abundant green glauconite grains. This is followed by a 
zone of flat pebble conglomerates about 20 feet thick, which in turn is 
overlain by about 130 feet of thin-bedded, more or less coarsely crystalline 
gray and yellowish gray limestone separated by thin shale partings. 
Glauconite grains are fairly abundant throughout the formation and this 
aids in separating it from the underlying Fort Sill in which very few 
grains occur. In addition, the limestone is much more crystalline then 
that of the Fort Sill. 

The formation contains five well-marked faunal zones. The lowest of 
these is characterized by several insufficiently studied species of trilobites 
tentatively referred to the genus Elkia. This zone was not observed in 
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the section south of Signal Mountain, but may fall in the sandy beds 
which mark the base of the formation at this locality. The fauna itself 
was found only on the northeast side of the Wichita area (section 1, town- 
ship 4 north, range 13 west). ‘The layer in which it occurs lies about 
25 feet above the thick top limestone beds of the underlying Fort Sill. 

The second fauna may be conveniently termed the Stenopilus fauna 
from the abundance of a small undescribed species of trilobite referred 
to that genus. It occurs just above the sandy basal limestone in the sec- 
tions south and southeast of Signal Mountain. 

The third zone occurs some 30 feet above the Stenopilus zone in the 
sections just described and ranges upward through about 50 feet of strata, 
but on the north side of the Wichita uplift where the formation is much 
thicker, this zone comes in at a somewhat higher level and extends through 
about 100 feet of beds. It contains the largest and most widely distrib- 
uted fauna of the formation. Its fossils are more abundant in and also 
more readily procurable from the outcrops south of Signal Mountain, 
but some of its characteristic species were found wherever the formation 
was positively recognized. Small collections were made at several places 
on the northeast flank of the Wichita Uplift—mainly east of Blue Canyon 
Creek. 

The dominant fossils are trilobites referred to Saukwa and allied genera, 
and this zone may be conveniently termed the Sawkinae zone. The small 
Stenopilus that characterizes the zone beneath extends up into the lower 
portion of the Saukinae zone, the base of which is drawn at the lowest 
occurrence of trilobites belonging to the mentioned subfamily. 

About 50 feet above the most fossiliferous layers of the Saukinae zone 
in the sections south of Signal Mountain and about 100 feet above the 
base of the formation is a fourth zone known as the Furekia zone. 
Although this genus is also common in the underlying Sauhinae zone, 
the species of the two horizons are quite different, and in addition, the 
Saukinae are not present in the higher zone. 

The fifth and highest zone has also been found only in the sections 
south of Signal Mountain, where it occupies the uppermost 50 feet of 
the section. It is characterized by a small species of Luptychaspis, which 
gives the zone its name, and the most striking difference from the under- 
lying zones is found in the absence of any of the species of Hurekia, one 
or more forms of which occur in each of the underlying horizons. 
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INTRODUCTION 


During the summer of 1920 ten weeks were spent in the Controller 
Bay-Yakataga region, Alaska. Although the work was primarily eco- 
nomic, detailed mapping was carried out wherever practicable, and a 
fairly large collection of fossils was obtained in the Yakataga District. 
These are described by Dr. B. L. Clark in an accompanying paper. The 
writer was ably assisted in the field by C. E. Meek and John B. Stevens. 
Acknowledgments are also due to L. V. Leeper and Capt. Michael Man- 
son, whose thorough knowledge of the country greatly facilitated the in- 
vestigation. 

The Controller Bay region, which includes the Katalla and Nichawak 
districts, lies about 70 miles east of Cordova and about 1,250 miles north- 
west of Seattle. It is not a port of call of the steamers in the Alaskan 
trade, but may be reached by launch from Cordova. The Yakataga Dis- 
trict is 75 miles east of Controller Bay and 75 miles west of Yakutat Bay. 
Both the Controller Bay and Yakataga districts lie at about latitude 
60 degrees north. 

Many natural difficulties inherent in the country render field work 
slow and laborious ; heavy snow in the early part of the season, dense plant 
growth springing up with the melting of the snow, almost continuous 
rain, the absence of roads and trails, the difficulties of transportation, the 
lack of exposures at many critical points—all militate against rapid field 
work. 

About six weeks was spent in the detailed mapping of the Katalla 
District, and the stratigraphic sequence definitely established. However, 
the only extensive collections of fossils were obtained in the Yakataga 
District, and this will be described first, as more definite evidence of the 
age of the beds was obtained here. The few fossils, chiefly crustacea, 
found in the Controller Bay region corroborate the evidence afforded by 
the Yakataga collections. 

YAKATAGA DistTRIcT 


GENERAL DESCRIPTION 


The Yakataga District extends from Yakataga River on the west to 
Icy Bay on the east, a distance of 30 miles. It may be considered as ex- 
tending from the coast to the front of the Robinson Mountains, which 
are parallel to the coast and 5 to 7 miles to the north. The coastline is 
very straight and trends north 70 degrees west. 

From Yakataga River to Icy Cape the land presents a straight, un- 
broken front offering no shelter to vessels. Two rocky reefs break the 
regularity of the shore but they afford no protection from storms. The 
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FIGURE 1.—Controller Bay, Yakataga Region, Alaska 
Reproduced from Bulletin 592 E, United States Geological Survey, by permission of the Director. 
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larger of these, Yakataga Reef, a rocky wave-cut platform made up of 
conglomerates, sandstones, and shales, is about 2,000 feet wide and ex- 
tends about half a mile from shore. The smaller is Umbrella Reef which 
lies at the mouth of Lawrence Creek, about midway between Yakataga 
Reef and Icy Bay. This is a low, wave-cut, rocky platform almost cov- 
ered at high tide. Landing must be made through the surf or on the 
reefs and can be accomplished only in very calm weather. 

Icy Bay is a well-marked indentation of the coast which has been left 
by the retreat of Guyot Glacier. This bay offers the only harbor between 
Controller and Yakutat bays, but even this is not well protected from the 
winds, and landing is difficult because of the great amount of float ice 
from Guyot Glacier, even in midsummer. The rare visitors to the region 
land on Yakataga Reef, where a landing can usually be effected in calm 
weather. 

The climate of the immediate coastal region is similar to that of most 
of the Pacific coast of Alaska, being characterized by moderate winters, 
with temperatures rarely below zero, temperate summers, and excessive 
rainfall. The precipitation varies between 130 and 200 inches and aver- 
ages about 160 inches, largely in the form of rain, although snow forms 
a fairly large part in the winter. Fully two thirds of the days in the 
year are cloudy, with either rain or snow. The presence of the Japan 
current tends to maintain fairly moderate temperatures along the coast 
in spite of the many glaciers not far inland. The mean temperature 
in the Yakataga District is slightly higher than in the Controller Bay 
region, because the Japan current is deflected away from the coast by 
the islands south of Controller Bay. This difference in temperature 
is reflected in the density of the vegetation and the abundance of marine 
life along the coast, both being greater in the Yakataga District. 


TOPOGRAPHY 


The chief topographic features of the district are a narrow sandy beach, 
back of which is a narrow, marshy coastal plain, in which most of the 
streams spread out into stagnant pools and marshes. The front range 
rises rapidly from this low coastal plain and extends from Yakataga Reef 
to Icy Bay. This ridge is low on the west, rarely exceeding 2,200 feet 
in elevation, but to the east it increases rapidly to heights of 5,000 to 7,000 
feet. This may be considered as the front ridge of the Robinson Moun- 
tains, which lie to the north and range in elevation from 7,000 to 11,000 
feet. North of the Robinson Mountains, and 35 to 40 miles from the 
coast, is the main Saint Elias Range, which culminates to the northeast 
in Mount Saint Elias, 18,008 feet in elevation. 
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YAKATAGA DISTRICT 


Theshort precipitousstreams 
of the front ridge are trans- 
verse to the ridge and to the 
coast; there are a few short 
subsequent tributaries in the 
crushed zone along the crest of 
the sharp Yakataga anticline. 
All of the streams west of 
White River are short and un- 
important, but to the east they 
increase in size. From Mundy 
Creek eastward, glaciers occupy 
the upper valleys of practically 
all the streams. These streams 
offer the only means of access 
into the front range. 


GEOLOGY 


General statement.—The en- 
tire area is underlain by Ter- 
tiary sediments which appear 
to be wholly of upper Oligocene 
age. Eocene rocks are said to 
outcrop 12 to 16 miles north of 
the coast, where they have been 
thrust southward over the 
younger beds, and it is very 
probable that Miocene and even 
Pliocene beds are present in the 
higher parts of the Robinson 
Mountains and on the east- 
ward-plunging end of the 
Yakataga anticline. These 
areas, however, lie outside the 
limits of the region studied. 

A brief description of the 
rocks of the region has been 
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given by Maddren.? Under the heading, “Oligocene and Lower Miocene 
Rocks,” he states: 

A belt of what are believed to be Oligocene or lower Miocene marine sedi- 
ments stretches eastward from Yakataga Reef, marked by a series of oil seep- 
ages. This belt consists of calcareous shales and thin limestones, with some 
interbedded sandstones and a few thin beds of conglomerate. It is essentially 
a calcareous series. The structure is anticlinal. The evidence of the fossils, 
which consist of marine invertebrates, indicates that these beds are either 
Oligocene or lower Miocene. These beds are succeeded by a great series of 
sandstones and shales with some beds of conglomerate, which goes to make 
up the lower part of the ridge separating the White River Valley from the 
coastal plain, and also occurs to the west of the White River Valley and near 
Icey Bay. Similar rocks are found in the second ridge from the coast, separat- 
ing the valley of White River from that of Yakataga River. At several locali- 
ties marine invertebrates were found in association with these beds which 
led to their provisional assignment to the Miocene. 


Under the heading, “Upper Miocene and Pliocene Rocks,” Maddren 


states: 

About 1,000 to 1,500 feet of buff-colored sandstone occurs in the upper part 
of the ridge lying between the coast and White River Valley, and similar rocks 
occur in the two ridges to the westward. In this sequence is included a sand- 
stone member that carries some shale, in which marine fossils were found 
which were identified by Mr. Dall as species occurring in the Empire forma- 
tion of Oregon. 


This is the most detailed statement that has appeared regarding the 
great thickness of sediments forming the front ridge and part of the 
main mass of the Robinson Mountains. 

In the region stretching eastward from Yakataga Reef to the western 
shore of Icy Bay and extending from the coast northward to about the 
latitude of White River Glacier the writer has recognized two distinct 
lithologie divisions. The lower, which is largely shale, is called the 
Poul Creek formation, and the upper, consisting of sandstone, shale, and 
conglomerate, is called the Yakataga formation: both form a part of a 
thick and apparently conformable sequence. A fairly large fauna was 
obtained from various parts of both formations: according to Dr. B. L. 
Clark, both are of upper Oligocene age, and the fauna is equivalent to 
that of the Blakely horizon of Washington and the San Ramon horizon 
of California. The reference of all the collections from this thick series 
to one faunal horizon is in agreement with the field observations as to the 
conformable nature of the entire sequence. 

Poul Creek formation.—This formation, named from its exposures 
along Poul Creek, is made up of fully 3,000 feet of dark hard platy shales, 


2A. G. Maddren: Geology and mineral deposits of the Yakataga District. U. S. Geol. 
Survey Bull. 592 E, 1913. 
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in part calcareous and in part sandy, thinbedded sandstones, conglom- 
erates, occasional thin limestones, and a few beds of glauconitic sand- 
stone. The shales greatly predominate, especially in the lower part, and 
make up fully 75 per cent of the formation. They occur as thin, rather 
platy, beds in the lower part, becoming thicker and more massive toward 
the top. They are blue-grey when fresh, weathering to a buff or brown 
color and are micaceous and often feldspathic and contain numerous frag- 
ments of plants and carbonized wood. Glauconitic sandstones occur in the 
Poul Creek formation, but they are not so numerous as in the overlying 
Yakataga beds. These are usually thin, but one was noted in Poul 
Creek with a thickness of 25 feet. The glauconite occurs as rounded 
grains scattered through ordinary shales or sandstones and as closely 
packed aggregates of grains forming a true glauconitic sandstone. Under 
the microscope the glauconite is sometimes seen to be partially or even 
wholly replaced by calcite. Foraminifera are occasionally present but 
are not so abundant as in certain horizons in the Katalla District. 

The limestones are usually argillaceous, are blue-grey on fresh frac- 
ture, and weather dark brown. One intraformational limestone breccia 
was seen in Hamilton Creek. This was a bed less than a foot in thickness 
made up of angular broken fragments of blue-grey limestone in a matrix 
of very sandy limestone. This evidently represents the fracturing of a 
thin limestone layer formed in shallow water and its rapid incorporation 
in a succeeding sediment. ‘The ordinary limestones occur as lenses and 
thin layers in the shales. Although both the shales and limestones are 
prevailingly dark colored, neither are very organic. 

There are two main types of conglomerates: ordinary stream or beach 
gravels, and gravels in part, at least, of glacial origin. The ordinary 
conglomerates consist of well-rounded pebbles and cobbles of various 
igneous and metamorphic rocks that occur as lenses in the sandstones 
and as layers up to 50 feet in thickness. The typical glacio-fluvial con- 
glomerates are poorly sorted and commonly have a shale matrix. The 
smaller constituents resemble those of the ordinary conglomerates but 
there are frequent angular blocks of much larger size. These are not 
nearly so abundant as in the Yakataga formation; they will be more 
fully described and their similarity to recent glacial outwash pointed 
out in a later section. None of the conglomerates are very persistent 
along the strike; they may grade into either sandstones or shales. 

The Poul Creek shales occur along the crest of the Yakataga anti- 
cline and very probably are again brought up in the crest of the next 
succeeding anticline to the north, where beds identical lithologically were 
observed on the western side of Yakataga Glacier. Their total thick- 
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ness is not known, as the base is not exposed, but they are fully 3,000 feet 
in thickness. Westward from Yakataga Reef these beds first appear 
from beneath the Yakataga formation at Two Mile Creek, 2 miles east 
of the reef. Eastward from Two Mile Creek they form a continuous 
belt 17 miles long, with a maximum width of more than a mile, as far 
as Big River, where they disappear beneath alluvium and glacial out- 
wash. All of the well-known oil and gas seepages of the Yakataga Dis- 
trict come from these shales along the tightly folded and crushed crest 
of Yakataga anticline. 


N 


Yakataga Reef 


60°02’ N. Lat. 


Ficure 3.—Sketch of the Geology in the Vicinity of Yakataga Reef 


These beds are very fossiliferous; the best collections were obtained 
from vertical beds on the crest of the anticline in Hamilton Creek, from 
White River, and on Big River near Reare Glacier. 

Yakataga formation—Conformably overlying the Poul Creek beds is 
a thick series of sandstones, dark shales, and conglomerates. The shales 
are similar to those in the Poul Creek formation except that they are 
usually softer and less platy. The conglomerates are often thick and 
heavy and, like those in the underlying beds and many of the conglom- 
erates in the Katalla District, are in part of glacial origin. Although 
sandstones and conglomerates are much more abundant than in the Poul 
Creek Beds, shale and sandy shale form almost half the exposed section. 
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Many of the sandstones contain scattered grains of glauconite, and there 
are occasional beds, up to 40 feet in thickness, largely made up of closely 
packed glauconite grains. 

The Yakataga formation is well exposed at Yakataga Reef and on the 
north and south flanks of Yakataga anticline. The crest of this fold 
is not far from the coast, and only the lower part of this formation is ex- 
posed on the southern limb. It is well exposed on Umbrella Reef and 
along the beach from Crooked Creek on the west to Munday Creek on the 
east, a distance of over 4 miles. An accurate measurement of the thick- 
ness was not obtained owing to the rather inaccessible character of the 
country to the north of the front ridge; its thickness is in excess of 5,000 
feet. 

The first thick sandstone encountered above the shales of the Poul 
Creek formation is taken as the base of the Yakataga formation. This 
sandstone is well exposed on Two Mile Creek and eastward on the ridge 
between White River valley and the coast. It is a massive, cross-bedded 
sandstone 600 feet thick on Two Mile Creek and more than 1,000 feet 
thick a few miles to the east. It is probably the same sandstone men- 
tioned by Maddren * and referred by him to the upper Miocene. This 
sandstone is a few hundred feet stratigraphically below the beds exposed 
on Yakataga Reef, from which was obtained a fairly good fauna, con- 
sidered by Doctor Clark to be upper Oligocene. Figure 2 shows the 
relations of the beds in the vicinity of Yakataga Reef, on the plunging 
western end of the anticline. 

A partial section of this formation was measured on Yakataga Reef, 
where the beds turn at right angles to the coast and extend into the 
ocean for half a mile. The strike along the coast is north 25 degrees 
east, whereas at the southern end of the reef it is north 5 degrees east; 
the dip is 26 degrees west. Sandstones and conglomerates are not as 
abundant in this partial section as in the formation as a whole. 


Partial Section of Yakataga Formation at Yakataga Reef 


Feet 
Base not exposed, section starts 900 to 1000 feet above base. 
Caleareous sandstone with scattered grains of glauconite.............. 41 
Dark-green massive glauconitic sandstone. Occasional nests of pyrite. A 
Thinbedded dark sandy shale and soft shaly sandstone with thin ribs of 
Dark sandy shale with 6 or 7 beds of grey limestone and calcareous sand- 
Dark-green to black glauconitic sandstone...........ccccccscecccccccves 12 


3 Op. cit., p. 131. 
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Dark-grey shale with thin layers of calcareous sandstone.............. 70 
Dark-green massive glauconitic 37 
Dark-green, blue-weathering shaly sandstone, in part glauconitic, with - 
Massive green glauconitic sandstone forming a reef which extends outward 
fully one-fourth mile. This is the beginning of the reef proper...... 4 
Dark sandy shale with numerous 1 to 2-foot layers of calcareous sand- 
Crumbly brown sandstone, conglomeratic at top..........cccceeeeceeees 26 
Conglomerate, pebbles are usually small and well rounded, but there are 
oceasional angular blocks up to 2 feet in length..................6.- 8 
Dark sandy shales with thin calcareous plas) 
Dark sandy shale with thin layers of calcareous sandstone............. 28 
Shale matrix conglomerate, small subangular pebbles and large, angular 
Hard limy shale with 13 thin layers of limestone.................eeee0. 73 
Blue-grey sandy shale with thin sandstone layers...............eeeeeeees 3 
Blue-grey sandy limestone with thin shale partings.................60.. 3 
Sandy shale with thin calcareous sandstone. .........ccccccccccsscvccens 28 
Massive blue-grey, brown-weathering 48 
1,588 


The fossils collected on Yakataga Reef came from the 78-foot sandstone 
about 700 feet above the base of the measured section and from sandy 
shales and sandstones interbedded with the shale-matrix conglomerates 
toward the top of the section. 

The beds forming Umbrella Reef were referred to the Pleistocene by 
Maddren * and correlated with the Pinnacle system described by Russell ® 


*Op. cit., p. 131. 
51. C. Russell: Second Expedition to Mount Saint Elias, U. S. Geol. Survey, 13th Ann. 
Rept., pt. 2, 1893, pp. 24-26. 
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in the Chaix Hills. The reason for this is the supposed resemblance of 
the beds at Umbrella Reef to the sediments in the Chaix Hills, both of 
which are stated to be in part of glacial origin. There is certainly nothing 
in the fauna to suggest a Pleistocene age, as the only fossil reported by 
Maddren ° is a recent Neptunea (Chrysodomus), and this occurs also in 
the Yakataga beds: The beds that form Umbrella Reef and that outcrop 
from Crooked Creek on the west to Munday Creek on the east are made 
up of conglomerates, tillites, sandstones, and shales and are lithologically 
similar to the beds at Yakataga Reef and on the north flank of Yakataga 
anticline. They are slightly more conglomeratic than on Yakataga Reef, 
but the difference is not striking and is no more than would be expected 
in the case of beds which vary considerably along the strike, as do all the 
Tertiary sediments of the region. On the basis of lithologic similarity 
and stratigraphic position these beds are correlated with the upper part 
of the section exposed on Yakataga Reef and hence are considered to be 
upper Oligocene. 

Evidence for the glacial origin of certain “conglomerates” in the Poul 
Creek and Yakataga formations.—All of the Tertiary sediments studied 
are marine, yet there are certain conglomerates which undoubtedly contain 
material transported by glaciers and by icebergs broken from the front of 
glaciers. There are many shale-matrix conglomerates or breccias in both 
the Yakataga and Controller Bay regions that seem to be largely of glacial 
origin. These vary widely in size and number of angular blocks and in 
the proportion of angular blocks to well-rounded or subangular pebbles 
and cobbles, but they have many features in common. The pebbles and 
blocks as a rule are not closely crowded as in the usual stream or beach 
conglomerate but are scattered through a massive matrix of sandy shale 
(in some cases a very fine shaly sandstone). Usually subangular pebbles 
predominate, with scattered blocks up to several feet in length, but occa- 
sionally the angular, faceted blocks predominate and attain diameters of 
10 to 12 feet. There is no assortment of the material within the indi- 
vidual layers, but lenses and layers of conglomerate occur in a well- 
bedded series. The larger blocks and most of the smaller pebbles are 
made up of igneous and metamorphic rocks which at present occur only 
far to the north. They-are not landslide or talus breccias, for there is 
nothing to indicate that cliffs of igneous or metamorphic rocks existed in 
the vicinity during the deposition of these beds. Furthermore their 
character is very different from that of the usual landslide or talus breccia. 


6 Op. cit., p. 128. 
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A careful microscopic examination of these sediments has not yet been 
made, but an examination of the very fine matrix of the breccia-con- 
glomerates shows it to be made up of sharp, angular mineral fragments 
rather than of clay. The fragments, which consist of a wide range of 
both igneous and metamorphic minerals, are very fresh; very little true 
clay is present, even the smallest particles being clear and unaltered and 
usually easily identifiable. This absence of clayey minerals in glacial 
marine deposits of the Antarctic is noted in the report of the German 
South Polar Expedition.* The matrix of the breccia-conglomerates 
agrees in many respects with the “glacial marine muds,” described in this 
report. The presence of glauconite in glacial marine deposits is men- 
tioned in the same report. 

The west side of Icy Bay, from Icy Cape almost to the present front of 
Guyot Glacier, is made up of recently uplifted marine morainal material 
distributed about a former front of the glacier. The marine character 
of this material is shown by the occurrence in it of Leda fossa Baird and 
Neptunea (Chrysodomus) cf. tabulatus Baird, both of which occur in the 
Oligocene sediments and are also living along the present coast. A much 
larger fauna undoubtedly could be obtained from these beds. This ma- 
terial is made up of dark-grey glacial silt, in which are embedded pebbles 
and blocks of various rock types; these are not closely spaced but are in- 
discriminately scattered through the dark shaly matrix. Many of the 
pebbles are somewhat rounded, but the large, angular, faceted blocks show 
no sign of transportation by water. As a rule, these deposits are massive 
and unsorted, but an occasional thin sand layer brings out the bedding 
and shows them to be flat-lying. The close resemblance of these beds to 
the shale-matrix breccia-conglomerates of the Oligocene is so striking that 
one must conclude that they were formed in the same manner and under 
the same conditions. The differences are slight; they are not fundamental 
but are due to the greater compression undergone by the much older 
Oligocene beds. If the Recent material were buried under a great weight 
of later sediments, folded, and compacted, one could not be distinguished 
from the other. 

Both the Oligocene and the Recent breccia-conglomerates are believed 
to be very largely made up of glacial material, but it is not necessary to 
believe that they are actual moraines. The matrix is regarded as rock 
flour carried out from beneath the glaciers by streams, which also trans- 
ported the pebbles. The larger faceted blocks may have been carried by 


icebergs or tide-glaciers. 


T Deutsche Sudpolar Expedition, vol. 2, Berlin, 1902, chap. 8. 
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The presence of these marine glacial breccia-conglomerates in the 
Oligocene of this region and their similarity to recent glacial deposits of 
the same region indicates that the physical and climatic conditions along 
the coast were much the same during the Oligocene as at present. This 
is corroborated by the fauna of the Oligocene, which contains many genera, 
and even species, living along the same coast today. 

All the available evidence indicates that glaciers were present in this 
region during the Oligocene and that they may have extended to the 
coast as they do today. There is nothing to indicate the extent of these 
ancient glaciers except that sediments of glacial origin occur in the 
Tertiary beds from the vicinity of Icy Bay to Katalla, a distance of 
over 100 miles. 

Capps,* in a summary of known facts concerning pre-Pleistocene glacia- 
tion in Alaska, does not mention any recorded occurrences of Tertiary 
glacial deposits, although there are several references to pre-Cambrian, 
Paleozoic, and possibly early Mesozoic glaciation. 


STRUCTURE 


The structure of the Yakataga District is comparatively simple. A 
long anticline extends eastward from Yakataga Reef at least as far as 
Little River and probably beyond. This fold trends about north 70 
degrees west and parallels the coast, except at its western end, where it 
turns toward the southwest and plunges rapidly. The eastern end turns 
slightly toward the southeast and plunges gently in that direction. The 
extreme southeastern end is, however, concealed beneath the alluvium of 
Big and Little rivers, marshes, and the moraines of Icy Bay. The crest 
of the fold is decidedly crescentic, the concave side being toward the 
ocean. This anticline is tightly folded with vertical or even slightly over- 
turned southern limb and a steep northern flank. The beds rise gently 
and gradually from the syncline to the north; the dip increases rapidly, 
and the beds rise suddenly as the crest is approached. The shales along the 
crest have been crushed and locally faulted, and a slight depression, along 
which the streams have developed short subsequent stretches, occurs 
along the crest from White River to Johnson Creek. Numerous small 
seepages of both oil and gas issue from this crushed zone along the 
crest. Mardren’s® comparison of this tightly compressed fold with the 
structure of some of the productive oil fields of California is misleading 
and most unfortunate. 


8 Stephen R. Capps: Glaciation in Alaska, U. 8. Geol. Survey Prof. Pap. 170 A, 1931, 


pp. 7, 8. 
° Op. cit., p. 145. 
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To the north of Yakataga anticline is a broad syncline, which passes 
through White River Glacier and westward toward Yakataga River. 
The Yakataga formation is exposed on both flanks of this syncline, but 
it is possible that younger beds occupy the trough. This broad syncline 
is succeeded on the north by an anticline, similar to the anticline along 
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Figure 5.—Cross-sections, Yakataga District 


Upper: Section from front of Yakataga Glacier to the coast at point near the 
mouth of White River. Lower: Section across White River to the coast near the 
mouth of Poul Creek. 


the coast. This fold was studied only in the vicinity of Yakataga Gla- 
cier, where the south limb dips 80 to 86 degrees south and the north limb 
30 to 37 degrees to the north; apparently it is less tightly compressed 
than the coastal anticline. The accompanying cross-sections show the 
character of these folds. 

These strongly asymmetric folds were formed by strong compresssive 
forces acting from the north (or by deep underthrusting from the ocean). 
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These forces have produced strong folds with very steep, and even over- 
turned, southern limbs. The coal-bearing Eocene beds have been thrust 
southward over the later Tertiary sediments several miles north of the 
more northerly anticline. 


NOTES ON THE GLACIERS 


Malaspina, Guyot and Bering glaciers form one great connected ice- 
sheet that lies between the coast and the high mountains to the north 
and which here and there sends out great lobes almost to the coast. There 
are many small individual glaciers in the Yakataga region that at one 
time were probably connected with this great ice-sheet. There is evi- 
dence in both the Yakataga and Katalla districts that there has been a 
very recent retreat of the glaciers. 

Glaciers occupy the upper portions of many of the creeks in the eastern 
part of the Yakataga District. These formerly extended almost to the 
mouths of the creeks, as shown by remnants of lateral and terminal 
moraines, and a few of these connect across from the head of one creek 
to another; probably they were all connected at one time with the main 
ice-sheet to the north. According to L. V. Leeper, who has visited the 
region many times, the glacier in Munday Creek, about 2 miles from its 
mouth, retreated about 100 feet between 1910 and 1920. 

There is definite historical evidence as to the fluctuations of Guyot 
Glacier during the past 140 years. This region was undoubtedly known 
to the Russians even before the voyages of Captain Cook in the North 
Pacific; the first account known to the writer is that of Capt. George 
Vancouver, who visited this coast in 1794. According to his brief de- 
scription Iey Bay probably had somewhat the same form as at present. 
His description 7° is as follows: “One of these (low, projecting points) 
we passed at a distance of about 4 miles; it extends in a southerly direc- 
tion 2 miles from a low point of land that forms the west point of a bay 
apparently very shoal, and from the quantity of white muddy water 
that flowed from it into the sea we concluded it to be the outlet of the 
floods formed on the lowland, by the dissolving ice and snow.” He gave 
it the name of Icy Bay, and the eastern point he called Point Riou. Little 
is known as to the actual front of Guyot Glacier at this time, but from 
the rather fanciful sketch of Icy Bay and Mount Saint Elias (facing page 
204) it would appear that the front was about halfway between the 
entrance of the bay and its present position. 


10 George Vancouver: A voyage of discovery to the North Pacific Ocean, and round the 
world, London, 1798, Bk. 5, chap. 7, p. 203. 
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FIGURE 6.—Front of Guyot Glacier—west End Figure 7.—Nmall Glacier at Head of Johnson Creek 
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Icy Bay was visited by Belcher *' in 1837, and the position of the front 
of the glacier at that time was practically the same as in 1794, although 
probably somewhat farther inland, as the land back of Point Riou was 


Figure 8.—Looking Southwest along the west Shore of Icy Bay 
The photograph was taken on July 4, 1920. Rocky Point is in middle ground, 
Icy Cape is the low point on the horizon. 


Figure 9.—Drift Ice from Guyot Glacier on west Shore of Icy Bay 


free from ice. From Belcher’s description it would appear that the 
bay was smaller and that the front of Guyot Glacier was farther to the 
south in 1837 than at present. 


11 Capt. Sir Edward Belcher: Narrative of the voyage of H. M. S. Sulphur during the 
years 1836-1842, London, 1843, vol. 1, pp. 79-82. 
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In 1890 and 1891 the region was visited by Russell, who made a disas- 
trous landing, in which six of the crew of the cutter Bear were drowned, 
a few miles to the east of the present Icy Bay’? At this time the front 
of Guyot Glacier projected into the ocean and Icy Bay had become Icy 
Cape. Sometime between 1900 and 1904 the glaciers of this region 
retreated, and Icy Bay again became a notable topographic feature along 
the coast. At present the front of Guyot Glacier lies about 6 miles north- 
east of the entrance to the bay, where the ice rises abruptly 150 to 250 
feet above the level of the water along a 4-mile front. During the sum- 
mer great spalls of ice break from the front and topple into the bay 
with a roar that can be heard for miles. The bay is evidently rather 
deep along the immediate front of the glacier, as great blocks fully 200 
feet in height completely disappear beneath the water as they fall; they 
rise again in a few seconds with considerable vielence and to the great 
agitation of the float ice with which the bay is covered. 

EVIDENCE OF RECENT UPLIFT 

Evidence of recent uplift is found everywhere along the coast. At 
many places remnants of a terrace of aggradation are found; this was 
cut into by the waves and a low sea cliff formed prior to the building of 
the present beach. Corresponding terraces are found along many of 
the streams and are especially well preserved on Munday Creek and Big 
and Little rivers. Well-exposed terraces along Big River indicate that 
this uplift occurred in stages and that the intervals between successive 
uplifts were of sufficient duration for the growth of forests. The upper 
terrace level, which is covered with a heavy forest, is about 35 feet above 
the present level of Big River; 15 feet above the river, and in the sands, 
silts, and morainal material, there is a zone about 5 feet thick in which 
large stumps are standing. Five or six feet above this is another zone 
in which are smaller stumps. There is a gravel-strewn bench cut in the 
morainal material on the west side of Icy Bay about 25 feet above mean 
tide. These terraces indicate a total uplift of about 25 feet in rather 
recent times. Similar indications of a corresponding uplift were ob- 
served in the Katalla district. 

KataLLa District 
GENERAL STATEMENT 
The Katalla District, as here defined, embraces the region lying be- 


tween Katalla and Bering rivers and south of Bering Lake, an area 
of about 70 square miles. It is much more accessible than the Yaka- 


127. C. Russell: Second expedition to Mount Saint Elias. UV. S. Geol. Survey, 13th Ann. 
Rept., pt. 2, 1892. 
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taga District, and at the time visited a regular weekly launch service 
was maintained between Cordova and Katalla. During favorable weather 
it is possible for steamers to anchor in Controller Bay and to lighter 
freight ashore at high tide. 

TOPOGRAPHY 


The Katalla District comprises a small, isolated mountain group, 
fronting Controller Bay, which forms a part of the foothill belt of the 
Chugach Mountains but is separated from this belt by Bering Lake and 
the mud-flats of upper Bering River. On the west it is separated from 
the Ragged Mountains by the broad alluvium-filled valley of Katalla 
River. To the east lie Bering River and the broad mud-flats formed by 
the fine-grained rock flour discharged from Bering Glacier. The Ni- 
chawak District lies 10 miles east of Bering River and consists of three 
isolated ridges rising above Bering Glacier and the mud-flats to the south. 

The isolated block south of Bering Lake, like the other foothills, is 
characterized by sharp, steep-walled canyons below timber-line, about 
1,200 feet above sealevel, and by gentler, rounded slopes above. The 
highest points, which lie in the central part of the region, rise to eleva- 
tions of 2,200 feet. 

The ridges and canyons in general follow structural lines except where 
the topographic features have been determined by glacial action. There 
are no glaciers at present within the area, but at one time the head of 
Puffy Creek was occupied by a glacier which has left its imprint on the 
topography. Here ragged knife-edge ridges have been carved by the ice 
without relation to the structure of the rocks. 

The principal drainage is to the south into Controller Bay, but there 
are a few short streams which flow northward into Bering Lake. There 
are four main streams flowing south into Controller Bay. These are, 
from east to west, Chilkat, Burls, Puffy, and Redwood creeks. These 
are parallel to Bering and Katalla rivers and roughly coincide with major 
folds and faults. The region is undergoing rapid erosion, and great 
quantities of detritus are being carried into Controller Bay. The streams 
are rapidly building up their deltas and extending them outward into 
the bay. Roads crossing the deltas are in constant need of repair; roads 
not over 20 years old are, in places, buried beneath 10 to 12 feet of débris. 
Both Bering Lake and Controller Bay are being filled slowly with detritus. 


GEOLOGY 


General Statement.—The great thickness of marine Tertiary sediments 
exposed in the Katalla District is similar lithologically to the Oligocene 
beds at Yakataga and Icy Bay. The minor units cannot be correlated, 
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Figure 11.-—Pancrama covering Bering Lake to Chitkat Range 
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Chugach Mountains and Bering Glacier are in the background. 


Burls Creek on the right. 


Split Creek is on the left. 


but there are two major 
lithologie divisions in 
both regions that show 
the same general charac- 
ters and the se- 
quence of events. Fossils 
are comparatively rare in 
the Katalla sediments 
and, as a rule, their pre- 
servation is so poor that 
specific determination is 
(ditficult ; hence a definite 
correlation, based on the 
fauna, can not be made 
hetween the two regions. 
The most perfectly pre- 
served fossils found are 
Crustacea and these indi- 
cate the age of the Ka- 
talla beds to be Oligo- 
cene. 

A description of these 
sediments has been given 
by Martin..® who de- 
scribes the “Katalla For- 


mation” as follows: 


The bulk of the forma- 
tion is composed of soft, 
dark, argillaceous shales, in 
places with lime- 
stone concretions and with 
at least one bed of glau- 
conitic sand. Two mas- 
sive and prominent sand- 
stones are present. One of 
these is at the top of the 
thickest and most promi- 
nent bed of shale. The other 


8G. C. Martin: Geology and 
mineral resources of the Con- 
troller Bay region, Alaska. 
U. S. Geol. Survey Bull. 335, 
1908, pp. 27, 28. 
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is below the same shale, and is underlain by a bed of shale of the same char- 
acter as the thicker shale above it. The upper sandstone ‘is overlain by con- 
glomerates, sandstones, and shales, apparently of great thickness. The con- 
glomerates, though massive, are of irregular extent and position, and grade 
locally into pebbly sandstone or shale, or lose their pebbles entirely. The more 
typical of the conglomerates contain usually well-rounded but unsorted pebbles 
of granite, greenstone, gneiss, and a variety of other rocks and minerals. The 
material ranges in size from that of very coarse sand up to a diameter of sev- 
eral feet, but is usually less than 6 inches in diameter. No glacial facets or 
scratches have been seen. The matrix consists of fine shale, sandstone, and 


arkose. 


According to Martin the total thickness of the “Katalla Formation” is 
6500+ feet. 

To the north of Bering Lake, Martin recognized three formations: the 
Stillwater, the Kushtaka, and the Tokun. Little seems to be known re- 
garding the Stillwater formation, but the overlying Kushtaka was de- 
posited in fresh water and consists of coarse arkose, sandstone, and shale 
with many coal beds. The Tokun formation consists of shale and sand- 
stone and closely resembles the lower part of the Katalla formation. As 
most of the fossils collected by Martin were not specifically determinable, 
great difficulty was experienced in correlation. Martin, although ad- 
mitting the close resemblance of the Tokun and the lower part of the 
Katalla formation, finally concluded that the beds south of Bering Lake, 
the Katalla formation, were older than the Stillwater and Kushtaka 
formations. He considered the Katalla formation to be Oligocene, the 
Stillwater and Kushtaka formations to be upper Oligocene and Miocene, 
and the Tokun to be Miocene. According to Maddren ** subsequent 
studies by Arthur Hollick of the flora of the Kushtaka formation indicate 
a Kenai (Eocene) age. Maddren correlated these beds with the Eocene 
coal measures of the Robinson Mountains immediately north of the 
Yakataga District. 

The writer suggests that the Tokun formation is the equivalent of the 
lower part of the Katalla formation, which he has called the Split Creek 
member, and that this is underlain by the Kushtaka. The latter prob- 
ably owes its position to a thrust-fault, now buried beneath Bering Lake 
and the mud-flats fronting Bering Glacier, along which it may have over- 
ridden the later Katalla formation. 

The writer has divided the sediments of the Katalla District, the 
Katalla formation of Martin, into two formations, largely on the basis 
of lithology. The lower of these, the Katalla formation as here defined, 


44. G. Maddren: Geology and mineral deposits of the Yakataga District, U. S. Geol. 
Survey Bull. 592 E, 1913, p. 130. 
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is correlated with the Poul Creek beds of the Yakataga region and the 
upper, the Redwood formation, with the Yakataga formation. He is in 
agreement with Martin’s assignment of the sediments of the Katalla Dis- 
trict to the Oligocene. The accompanying table of stratigraphy shows 
the divisions made in the Katalla District and their tentative correlation 
with the sediments in the Yakataga region. 

Katalla formation. General statement.—The Katalla formation has 
been divided into the Split Creek shale and sandstone and the Burls 
Creek shale, corresponding to Martin’s g, h, and t members.’* 

Split Creek shale and sandstone.—The lowesst rocks exposed in the 
Katalla District consist of hard, dark-colored, rather platy shales which 
grade upward into sandstone, thinbedded as a rule, with thin shale part- 
ings; there are occasional layers of more massive sandstone up to 75 feet 
thick. This sandstone is occasionally pebbly, but no true conglomerates 
are present. They are usually fine-grained and micaceous and contain 
numerous fragments of plants and carbonized wood. Like all of the 
rocks in the Katalla District they are hard and very thoroughly indurated. 
A few marine pelecypods and gastropods were found, but they were too 
greatly crushed to be satisfactorily determined. Crustacea, said to be of 
Oligocene age, were found by Martin, presumably in the Split Creek 
sandstone; these will be discussed later. The shales have an exposed 
thickness of 700 feet, but they are probably thicker, as their base is not 
exposed ; the sandstones are 800 feet in thickness. The Split Creek mem- 
ber is exposed only in the northern part of the area in the drainage to 
Bering Lake, in a very narrow belt along Bering River, and in the northern 
part of the ridge between Redwood Creek and Katalla River. 

Burls Creek shale-—This member lies conformably above the Split 
Creek sandstone, the contact between the two being gradational rather 
than sharply defined; it takes its name from Burls Creek, where it is 
best exposed. This member may be divided into three parts, each hav- 
ing fairly distinct characteristics which serve to distinguish it from the 
others, as well as from the other sediments of the area. 

The lowest division consists of 700 feet of dark platy shale, sometimes 
organic, with occasional thin layers of hard, tightly cemented, fine-grained 
sandstones; limestone concretions are present in the shales, but they are 
not abundant. These shales grade upward into the glauconitic sand- 
stone—organic shale horizon which is made up of highly organic shales, 
often containing numerous grains of glauconite, and several rather thick 
glauconitic sandstones. This horizon varies from 300 to 500 feet in 
thickness and averages about 400 feet. The organic shales are a dull 


% Op. cit., p. 37. 
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~ Age 
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Predominantly shale with Sandstones at base, grading 
Puffy many thin sandstone layers upward into sandstones, 
shale and many shale-matrix con- 4,000+ | Yakataga shales and shale-matrix 5 ,000+ 
glomerates, in part of glacial formation conglomerates; several 
Redwood origin. Top not seen horizons of glauconitic 
formation sandstone 
Point Sandstone and conglomerate 
Hey with thin shale beds. 1,100 
2 sand- Heavy conglomerates at 
= stone top 
x 
a Shale, frequently concretion- Predominantly shale with 
a © ary; often with large ‘‘can- 1,700 thin layers of calcare- 
a non-ball’”’ concretions ous sandstone and lime- 
8 Burls stone. Sandstones be- 
4 oD Creek | Organic shale and glauconitic Poul Creek come thicker and more 
bs ro) shale horizon. Most of the oil 400 formation numerous toward the top, | 3,000+ 
< Katalla seepages come from this and a few shale-matrix 
a formation horizon conglomerates appear. 
All the seepages come 
Dark shale, in part organic, from the shales of this 
with thin layers of hard 700 horizon. Base not ex- 
sandstone posed 
Split Sandstone 800 
Creek 
shale Shale, base not exposed 
and 
sand- 
stone 
9,400 8 ,000+ 
Table of Stratigraphy of the Katalla and Yakataga Districts, Alaska 
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dark brown in color and yield a glossy pitchlike surface when cut. Under 
the microscope they are seen to consist of dark-brown organic matter in 
which are embedded small angular fragments of quartz and feldspar, 
spherical grains of glauconite, and numerous tests of foraminifera and 
occasionally diatoms and radiolaria. When heated, these shales give 
off a strong odor of petroleum and finally turn grey or white. These or- 
ganic shales contain limestone concretions and abundant rosettes and 
nodules of pyrite. Nearly all of the oil seepages in the Katalla District 
occur within these shales, along faults which cut them, or in alluvium 
above them. There are several persistent beds of glauconitic sandstone ; 
these vary from sandstones containing occasional grains of glauconite to 
closely packed aggregates having a dark-green color and weathering bluish 
grey. Remains of Crustacea are abundant in these sandstones in both 
the Katalla and Nichawak districts. 

This horizon forms practically a continuous belt from Bering River 
on the east to Katalla River on the west, a distance of 10 miles. Owing 
to folding and faulting, its actual outcrop length is more than 20 miles. 
It is the source of the oil in the small Katalla field, which is on a faulted, 
steeply plunging anticline; the oil occurs in fractured shales above the 
organic horizon. This zone grades upward into the upper part of the 
Burls Creek member, which consists of 1,700 feet of dark bluish grey to 
almost black platy shale containing numerous round concretions and 
lenses of dense blue-grey limestone. These concretions are exceedingly 
numerous throughout the entire extent of this shale; they are usually 
spherical and range from less than an inch to 3 feet in diameter, averaging 
6 or 7 inches, Cliff exposures of this shale have the appearance of hav- 
ing been riddled with cannon-balls; these are the “nigger-heads”’ that 
occasionally cause trouble in drilling in the Katalla field. This zone con- 
tains a few thin sandstone layers, which become more numerous toward 
the top as the lower sandstone of the Redwood formation is approached. 

The Katalla formation occupies fully 85 per cent of the Katalla Dis- 
trict, the Redwood formation being restricted to a broad, steeply plunging 
syncline between Redwood and Burls creeks and to the ridge between Cave 
and Hey points. 

Redwood formation. General statement.—The Redwood formation is 
divided into the Point Hey sandstone and the Puffy shale, which corre- 
spond to Martin’s f and e members.’® There is no stratigraphic break 
between the Katalla and Redwood formations, but there is a decided 
change in the lithologic character, reflecting a gradual change in climate 
and in conditions of deposition. That these changing conditions were 


Op. cit., p. 37. 
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not purely local is shown by the fact that a corresponding change was 
noted in the sediments in the Yakataga-Icy Bay region. Glaciers, pos- 
sibly already present to the north, grew and advanced more and more 
closely to the ocean, leaving a record in the form of ice-borne material 
in the upper Oligocene sediments of the region. 

Point Hey sandstone.—This consists of 1,100 feet of sandstone and 
conglomerate with minor amounts of interbedded shale. The lower part, 
immediately overlying the Burls Creek shale, consists of pebbly sandstone 
and fine-grained, thinbedded shaly sandstone with intercalations of dark 
sandy shale. This passes upward into flaggy sandstones and sandy shales 
with thin beds of sandy limestone; plant fragments are abundant in both 
the shales and sandstones. Lenses of conglomerate are numerous, and 
the upper part consists of a fairly heavy conglomerate with pebbles and 
cobbles up to 6 or 8 inches in diameter, with an average size of less than 
2 inches. The pebbles consist of granite, gneiss, various schists, quartz, 
quartzite, limestone, and other igneous and metamorphic rocks derived 
from the crystalline complex of the Chugach Mountains to the north. 

The Point Hey member, on account of its resistance, usually occupies 
the crests of ridges. There is no evidence to support Martin’s'’ sugges- 
tion that this sandstone is the same as the lower sandstone, here called 
the Split Creek sandstone, as both the sequence and lithology prove that 
this can not be the case. The Point Hey member is very similar, lithologi- 
eally and stratigraphically, to the sandstone at the base of the Yakataga 
formation. 

Puffy shale—This consists of dark clay shales with lenses and layers 
of fine flaggv sandstones and at least three thick and fairly persistent beds 
of the same type of shale-matrix conglomerate found in the Yakataga 
District. These rocks, like those in the Yakataga formation and the 
recent marine morainal deposits of Icy Bay, are made up of pebbles, boul- 
ders, and angular blocks of igneous and metamorphic rocks sporadically 
distributed through a very fine shale matrix. The presence of these shale- 
matrix conglomerates in the Katalla, Nichawak, and Yakataga districts 
indicates that the advance of glaciers during the upper Oligocene was 
not purely local but took place along a front fully 100 miles in length. 

The lower part of the Puffy member consists of 200 to 300 feet of mas- 
sive, caleareous shale with thin beds of hard fine-grained sandstone, 
which, owing to its resistant character, stands out as cliffs in the upper 
part of the Puffy Creek basin. Above this come 3,500 to 4,000 feet of 
dark clay shale with several horizons of shale-matrix conglomerate and 
thin layers of hard calcareous sandstone. The shales as a rule are rather 


"Op. cit., footnote on p. 28. 
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hard and massive and are dark grey to black in color. They are very 
similar in appearance to the dark shales of the Cretaceous of northern 
California. The total thickness of the Puffy member is not known, 
as the top is not exposed ; its exposed thickness in the basin of Puffy Creek 
is over 4,000 feet. 

About 3,000 feet above the base of this member there are a number 
of very small seepages of light-green oil, which issue from joints and 
fracture planes in the shales. These are all much smaller than the seep- 
ages from the organic horizon in the Burls Creek shale. 

Pleistocene and Recent deposits.—Several types of Pleistocene and Re- 
cent deposits occur within the area, among which may be recognized the 
coarse, glacial gravel lying near the fronts of the glaciers, the fine glacial 
silts which form extensive mud-flats, and the deposits of the present 
streams, the deltas of which extend out into the lowlands and mud-flats. 
These deposits were not studied in detail and they were not separated 
in mapping. 

Igneous rocks.—After the deposition of the upper Oligocene, igneous 
rocks were intruded into the sediments, first as plugs, dikes, and lacco- 
liths of basalt, followed by dacite. The basalts were clearly intruded prior 
to the folding, but the evidence is not conclusive for the dacites. The 
latter are clearly later, as dacite dikes cut the basalt laccolith of Nichawak 
Mountain. The age of these intrusions is not known, but they probably 
took place during or shortly after the deposition of the sediments, as 
basic ash is present in the upper part of the Burls Creek shales in the 
Nichawak District. 

In the Katalla District only one small body of basalt was noted, but 
in the Nichawak District such intrusions are numerous. No large bodies 
of dacite occur in either district, but a large plug or voleanic neck of 
dacite, intrusive into the Katalla formation, forms Cape Saint Elias and 
the southern tip of Kayak Island. This is an even-grained rock com- 
posed largely of anhedral quartz, euhedral plagioclase, rather strongly 
zoned and varying from basic andesine to oligoclase, a little augite, zircon, 
apatite, and shreds of chlorite. It is not noticeably porphyritic, but a few 
small phenocrysts of quartz occur in it. The average grain size is less 
than 0.3 millimeters, and the maximum is 0.6 millimeters. A number 
of small dikes of dacite occur in the Controller Bay region, sometimes 
alone, but usually in groups of 3 or + parallel dikes. The largest observed 
had a width of 3 feet, but the usual width is less than a foot. 


STRUCTURE 
The structure of the Katalla District is much more complex than in 


the Yakataga-Icy Bay region. The dips throughout the entire area are 
steep, the average being well over 45 degrees. Roughly, the structure is 
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that of a southward-dipping homocline which has been strongly warped 
by folding and broken by faulting. The sediments were tilted toward 
the south, with the development of a few east-west folds in the northern 
part, and at the same time compressed from the east, with the develop- 
ment of steeply southward-plunging flutes on the tilted surface. The 
Katalla formation wraps about the younger formation on the east, north, 
and west. Broadly speaking, it is a broad steeply plunging syncline which 
has been faulted and warped. The block diagram, figure 12, shows the 
general distribution of the rocks and their structure. On this the strue- 
ture has been generalized and many of the details have been omitted, 


NIcHAWAK DIstricr 
LOCATION AND TOPOGRAPHY 


The Nichawak District lies 25 miles east of Natalla and 8 miles east 
of Bering River, from which it is separated by the broad mud-flats south 
of Bering Glacier. Although it is not far from the village of Chilkat, it 
is rather inaccessible because of the difficulties encountered in crossing the 
swamps east of Bering River. It is an isolated region, rarely visited, and 
abounds in game, especially Kodiak bears; more of these great animals 
were seen here in one day than in an entire season in the Katalla Dis- 
trict. 

The Nichawak District consists of three isolated ridges, Gandil on the 
northwest, Nichawak in the center, and Campbell to the southeast, each 
separated from the other by mud-flats and swamps. These isolated ridges 
rise rather abruptly from the marshes and swamps to the south and west : 
Bering Glacier impinges on the northern and eastern sides of the ridges 
and partially envelops them, sending broad tongues of ice into the inter- 
vening depressions. 

Both Nichawak Mountain and Mount Campbell rise to an elevation 
of 1,300 feet. Gandil Mountain is lower, being but 800 feet in height. 
The lower slopes are rugged and steep and densely covered with brush 
and timber; above 900 feet the slopes are gentler and are covered with 
grass and thickets of stunted spruce and alder, 

All the available time was spent on Nichawak Mountain and Mount 
Campbell, Gandil Mountain not being visited. Only six days could be 
given to it, a wholly inadequate period for a thorough study of the area. 
However it was possible to determine the general stratigraphic and struc- 
tural features in this time. Both Nichawak Mountain and Mount Camp- 
bell are structural as well as topographic features, both being anti- 
clinal; the intervening depression is a faulted syncline. 
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Areal distribution of the various units greatly generalized. 


Showing structure of the 
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STRATIGRAPHY 


General statement.—The sediments exposed in this region are identi- 
cal with those in the Katalla District, both the Katalla and Redwood 
formations being present. However, the exposed thickness is not so 
great here, the lower part of the Katalla formation being concealed and 
the upper part of the Redwood formation having been removed by 
erosion. 

Katalla formation.—The Burls Creek member only is exposed, the Split 
Creek shale and sandstone being concealed. The glauconitic organic 
shale horizon is present in two belts on the southwest end of Nichawak 
Mountain; it is not exposed at the surface on Mount Campbell but must 
be present not far below the surface. Crustacea, similar to those found 
in the glauconitic horizon in the Katalla District, occur on the southwest- 
ern end of Nichawak Mountain in the same stratigraphic position. Aside 
from these remains, fossils are very scarce. Seepages of a light-green oil 
issue from the organic shales in this area just as in the Katalla District. 
They come from exactly the same stratigraphic horizon and offer addi- 
tional proof that these organic shales are the source of the oil seepages 
in the Controller Bay region. The upper part of the Burls Creek shale 
consists of the same “cannon-ball” shale previously described. A small 
amount of basic voleanic ash is present in the shales in this area. 

By far the greater part of the area in both Nichawak Mountain and 
Mount Campbell is underlain by the Katalla formation, the Redwood 
largely having been removed and forming only relatively small strips. 

Redwood formation.—Massive and thinbedded sandstones overlie the 
Katalla shales in both Nichawak Mountain and Mount Campbell and on 
Little Bald Mountain. This sandstone is from 1,000 to 1,200 feet thick 
and resembles the Point Hey member in every way. Considering its gen- 
eral character and stratigraphic position, there can be no doubt that it is 
equivalent to the Point Hey sandstone 12 miles to the west. Only the 
lower part of the Puffy shales are found in the Nichawak District, but 
they contain the same shale-matrix conglomerates found elsewhere. 


IGNEOUS ROCKS 


Igneous intrusions are much more numerous in the Nichawak District 
than in the Katalla District. No intrusive rocks were seen on Mount 
Campbell but there are at least ten separate basalt bodies on Nichawak 
Mountain, the largest of which is a mile in length and about one third 
of a mile in width at its widest point. The others range from 15 to 300 
feet in length and are exposed along the crests of the ridge to the north. 
The largest basalt body, which forms the south peak of Nichawak Moun- 
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tain, is elongated parallel to the strike of the sediments and seems to 
have been intruded as a laccolith, with fairly concordant boundaries. The 
smaller bodies are dikes and small plugs with transgressive boundaries. 


Fictre 13.—Looking South toward the South Peak of Nichawak Mountain 
Showing basalt laccolith in the Katalla formation. 


Figure 14.—Looking North along Crest of Nichawak Mountain toward Bering Glacier 
and Chugach Mountains 
Small plugs of basalt in foreground. 


STRUCTURE 


Both Nichawak Mountain and Mount Campbell are anticlinal, whereas 
the intervening valley, occupied by an arm of Bering Glacier and Camp- 
bell River, is synclinal. Of the two, Mount Campbell is the simpler, being 


a single overturned anticline, whose crest roughly coincides with the 
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crest of the mountain. ‘This fold is overturned toward the northwest; 
the southeastern flank is comparatively gentle, the dips being 35 to 40 
degrees southeast, whereas the northwestern flank is overturned and dips 
75 to 85 degrees southeast. 

Nichawak Mountain is more complex, as the general anticlinal struc- 
ture has been modified by minor folding, faulting, and igneous intrusion. 
The intrusion of rather large basalt bodies has interrupted’ the symmetry 
of the structure and caused local folding and faulting. The numerous 
small basalt intrusions along the crest of Nichawak Mountain possibly 
indicate the presence of a larger body beneath. Both the Nichawak 
and Campbell anticlines are strongly asymmetric and both plunge south- 
westward at moderate angles. 


AGE OF THE CONTROLLER BAY SEDIMENTS 


Because of the scarcity of fossils in this region there is less definite 
evidence as to the age of the beds than in the Yakataga District. Fos- 
sils were collected by Martin in 1904 and by the writer in 1920, but 
as a rule these are too poorly preserved to be of any great value. There 
is, however, a very real scarcity of fossils in the Katalla and Nichawak 
districts when compared with the Yakataga-Icy Bay region, where 
almost identical beds are very fossiliferous. The writer suggests that 
this difference in the fossil content of the sediments of the two regions 
is due to certain physical conditions that existed along the coast in 
upper Oligocene time. At present a warm current sets close to shore 
in the vicinity of Yakataga and Icy Bay but is deflected away from 
Controller Bay by the various islands to the south, one of which, Wing- 
ham Island, is underlain by metamorphosed lower Mesozoic rocks. This 
causes a very real difference in the climatic and environmental conditions 
in the two districts; it is warmer along the immediate coast at Yakataga, 
vegetation is denser, and marine life more abundant than in the Con- 
troller Bay region. It is quite possible that similar conditions existed 
during the deposition of the upper Oligocene sediments and that a warm 
current along the more easterly coast favored abundant marine life, while 
the deflection of this current away from the coast by islands and head- 
lands gave rise to practically the same conditions that exist at present. 

A number of rather well-preserved crustacea were collected in the 
glauconitic horizon in the Burls Creek shale in both the Katalla and 
Nichawak districts. The crustacea collected by Martin “from the west 
end of Bering Lake” probably came from the Split Creek sandstone. 
These fossils have been described by Rathbun.'* 


Mary J. Rathbun: The fossil stalk-eyved Crustacea of the Pacific Slope of North 
America, U. S. Nat. Mus., Bull. 138, 1926. 
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Those collected by G. C. Martin from the west end of Bering Lake are 
stated to be probably Oligocene. All belong to the species Branchioplax 
washingtoniana Rathbun,?® a species which also occurs in the Clallam 
and Cowlitz formations of Washington. 

The specimens collected by the writer from the glauconitic horizon in 
the Burls Creek shale on the east branch of Redwood Creek, Katalla Dis- 
trict, belong to the species Portunites alaskensis Rathbun, which also oc- 
curs at a number of localities in the Oligocene of Washington and Ore- 
gon.*° Those collected from the same horizon in the Nichawak Dis- 
trict, near the southern end of Nichawak Mountain, are referred to the 
species Portunites alaskensis and Lophopanopeus olearis Rathbun.” All 
these species are stated by Rathbun to indicate an Oligocene age and thus 
corroborate the evidence afforded by the Yakataga fauna. 

No determinable fossils were obtained from the Redwood formation, 
but since these sediments are correlated with the Yakataga Reef beds, on 
the basis of the rather sudden appearance of material of glacial origin, 
they are believed to be of upper Oligocene age. 


SUMMARY 


On the Pacific coast of Alaska, between Katalla and Icy Bay, a dis- 
tance of 100 miles, a great thickness of upper Oligocene sediments occur. 
These are 8,000 to 10,000 feet in thickness, but neither the top nor the 
hottom were seen. No unconformities occur in this great thickness of sedi- 
ments, but they have been divided into two formations on the basis of 
lithology. In the Yakataga District these are the Poul Creek below and 
the Yakataga above, and in the Controller Bay region the Katalla, corre- 
lated with the Poul Creek formation, and the Redwood, correlated with 
the Yakataga formation. The basis for this division is the appearance 
of glacial debris in the sediments of both districts, indicating the advance 
of glaciers to, or almost to the coast during the upper Oligocene. The 
character of the sediments, the presence of marine morainal material, and 
the fauna all indicate that the climatic conditions during the upper 
Oligocene were much the same as at present. 


1° Op. cit., pp. 42-44. 
2° Rathbun: Op. cit.. pp. 72-75. 
210p. cit., pp. 57, 58. 
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INTRODUCTION 


About 1 mile north of Frederick, Tillman County, Oklahoma, is a 
sand and gravel pit which has been operated commercially during the 
past several years. From this deposit the owner and operator, A. H. 
Holloman, has obtained during the past 5 years a dozen or more arti- 
facts. No particular interest was attached to the first artifacts found, 
and some were allowed to go into the refuse dump. However, later Mr. 
Holloman became interested in this unusual occurrence and showed some 
of the objects to Dr. F. B. Priestly, a physician then living in Frederick. 
Doctor Priestly appreciated the scientific value of this find and having 
recently read a paper by Harold Cook on the association of artifacts with 
extinet animals published in the Scientific American, wrote the editor, 
A. G. Ingalls, who in turn communicated with Mr. Cook. In January, 
1927, J. D. Figgins, director of the Colorado Museam of Natural His- 
tory, and Harold Cook, then Honorary Curator of Paleontology in that 


* Manuscript received by the Secretary of the Society February 23, 1932. 


(783) 


m : 
he 
‘11 
us 2 
mn, 
on 
in, 
ur. 
the 
di- 
of 
nd 
ith 
nee 
nce 
"he 
ind 
per 


784 E. H, SELLARDS—DEPOSITS AT FREDERICK, OKLAHOMA 


Museum, visited the Holloman pit at Frederick. Aside from items in 
the press, the first papers relating to these finds were by Cook and Fig- 
gins.’ Since that time the locality has been visited by several scientists, 
and a number of publications have been issued. Additional artifacts 
are being found from time to time. 

Tue writer has made several visits to this locality, but was not so 
fortunate as to be present at a time when an artifact was in place. Never- 
theless, the circumstances accompanying the discovery of the artifacts 
and the careful and judicious consideration given to the manner of oceur- 
rence by Mr. Holloman, supported by photographs taken under his direc- 
tion, leave no reasonable doubt of the actuality of the occurrence of the 
artifacts in place in the gravel pit at several levels from the basal stratum 
upwards. Being thus convinced of the authenticity of the discoveries 
of the worked flints and other artifacts, the writer, with W. F. Wilson 
as assistant, found opportunity in the periods August 31 to September 7, 
and November 22 and 23, 1931, to make a careful examination of the 
geology of the region. ‘The present paper is based on the examinations 
made during those ten days, supplemented by observations made in De- 
cember, 1931, and January, 1932. 

The writer is greatly indebted to A. H. Holloman for numerous cour- 
tesies extended while the examinations were being made. Levels in this 
country have been generously contributed from several sources as subse- 
quently credited. The base for the map accompanying this paper (fig- 
ure 2) has very generously been made available, in advance of their own 
publication on soils in this region, by the United States Bureau of Soils 
and the Oklahoma Agricultural College. 


REGIONAL DRAINAGE 


The gravel pit at Frederick lies within the Red River drainage sys- 
tem, which originates in the Panhandle region of Texas and flows south- 
eastward to the Mississippi River. The principal streams of this imme- 
diate region are the North Fork of the Red River and the Red River 
itself. The gravel pit is located about 14 miles from Red River and 
about 12 miles from its large tributary, the North Fork. 


1 Harold J. Cook: New trails of early man in America. Scientific American, August, 
1927. J. D. Figgins: The antiquity of man in America, and Harold J. Cook: New 
geological and paleontological evidence bearing on the antiquity of mankind in America. 
Nat. Hist., vol. 27, no. 3, 1927, pp. 229-247. 
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REGIONAL GEOLOGY 
GENERAL STATEMENT 


The bedrock formation in this region is Permian. The sediments are 
chiefly red clays or mudstones, with some sandstone and a limited amount 
of dolomitic limestones. On these red beds have accumulated the gravel 
deposits which are described in this paper. These gravels protect against 
erosion, and for this reason now cap the uplands of the county. 

The Pleistocene and later deposits of this region, taken from the State 
geologic map of Oklahoma issued by the United States Geological Survey, 
1926, supplemented by details made in connection with the writer’s in- 
vestigation of the east margin of the Pleistocene belt and an approxi- 
mate mapping of similar Pleistocene deposits south of the Red River in 
Texas, are shown in the small map, figure 1. From an inspection of the 
map it will be seen that in the vicinity of Frederick and westward to the 
North Fork of the Red River there is a considerable spread of Pleisto- 
cene, the area occupied by these deposits making a strip approximately 
10 miles east-west by 20 miles or more north-south. Similar Pleistocene 
deposits are found bordering the Red River in Oklahoma and in Texas. 

The regional geology thus includes a Permian red bed substratum on 
which rests Pleistocene and, near the streams, Recent sand and gravel 
deposits. 

THE PLEISTOCENE TERRACE DEPOSITS 


General statement.—The Pleistocene deposits lying adjacent to the 
North Fork of the Red River in Tillman County consist of successively 
higher terraces from the river eastward to the east margin of the belt as 
now preserved. In order to determine the relative position of these ter- 
races, lines of plane-table levels were made north, northwest, and west 
from a Coast and Geodetic Survey triangulation station located near the 
north city limits of the city of Frederick, elevation 1,375.5 feet. In addi- 
tion, the profiles of the two railroads crossing the county have been util- 
ized, and a very important set of elevations has been supplied by Laughlin- 
Simmons and Company of Tulsa, Oklahoma. D. E. Powell, county engi- 
neer of Tillman County, supplied certain levels which he had previously 
made for Dr. O. P. Hay. All of these levels as used have been adjusted to 
the triangulation station at Frederick. With these several lines of levels, 
it has been possible to indicate very definitely some of the terraces of this 
region (figure 2). The higher terraces are particularly well marked. 
Note the well-developed drainage and lowered elevation of that part of 
the county from which the protecting sheet of gravel and sand is absent ; 


note also the absence of tributary streams in the western part of the county, 
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SCALE: 
2 4 © 8 MILES 


LEGEND: 
Alluvium. Permian 
Terrace Deposits Granite 


Ficure 1.—Map of a Part of Oklahoma and Texas 


t 
z 


Showing regional geology and drainage in relation to the gravel deposits of 
Tillman County. A B C, indicate Pleistocene terraces of the North Fork of Red 
River and A’ B’ C’, corresponding terraces on the Red River. 
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Fic'Re& 2.—Map of the western Part of Tillman County, Oklahoma 


A, the Holloman terrace. 
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which is covered by a sand and gravel sheet. This sand sheet receives and 
stores the rainfall, affording an abundant water supply to shallow wells. 
The Permian escarpment is indicated by a heavy line. The contour lines 
are placed at 10-foot intervals on the terraces, and at 20-foot intervals 
on the Permian escarpment north of Frederick. 

The Holloman terrace-—General description.—Of the highest terrace 
there remains at the present time only a narrow strip of land which at 
the Holloman pit is less than 1 mile in width (A of figures 1 and 2). 
Southward this terrace extends almost to the city limits of Frederick, 
beyond which point it has been removed by erosion. Westward it drops 
by a gradual slope of about 25 or 30 feet to the next lower terrace. The 
east margin terminates at an erosion scarp. 

The maximum elevation on this terrace, which is also the maximum 
elevation for this part of the county, is 1,399 feet. Near the escarp- 
ment, at an abandoned gravel pit, the surface elevation on the terrace 
is 1,397 feet, and the Permian bedrock elevation is 1,380 feet. The ter- 
race slopes gently southward, as shown by numerous elevations both on 
the surface and at the Permian contact. At the Holloman pit the sur- 
face elevation is 1,390 feet, and the elevation of the Permian contact 
is 1,363 to 1,373 feet. The surface of this terrace is approximately 150 
feet above the North Fork of Red River. 

Section of the Holloman terrace.—The section at the Holloman gravel 
pit has been described by Figgins * and others. The deposits are typically 
stream accumulated and, as is characteristic of such deposits, are not 
uniform from place to place. The section described in detail at one point 
will, therefore, not agree with a detailed section elsewhere. <A_ section 
measured by the writer at the southeast corner of the Holloman pit was 
as follows: 


Thickness Depth 

Top of section in feet in feet 

2. Chiefly sand with some gravel and clay, including a 

white band, chiefly caliche, about 2 feet wide...... 6.0 0.5- 6.5 


3. Sand and gravel somewhat cross-bedded, prevailingly 

finer than that below, pinkish in color on fresh 

4a. Gravel with sand streaks. The deposit is cross- 

bedded and has large clay inclusions. The sand is 
ochre-yellow in places and elsewhere stained dark... 3.6 8.0-11.6 

Clean white cross-bedded sand. Pinches out west- 

ward and thickens eastward at this particular lo- 


4b. 


2J. D. Figgins: The antiquity of man in America, Nat. Hist., vol. 27, no. 3, 1927. 
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Thickness Depth 
Top of section in feet in feet 
4c. Pebble and sand with inclusions of mud balls and 
occasional large chunks of sandy Clay......... 12.8-15.4 
5. Pebble conglomerate varying in thickness from a very 
thin layer to 2 or 3 feet....... 15.4-17.4 
6. Red bed Permian deposits forming the bed rock sub- 


The deposits are distinctly stream-laid up to the top of number 3 of 
this section. The uppermost material, number 2, which contains more 
or less clay, doubtless represents surface wash and wind-blown mate- 
rial. In this particular section a thin band of caliche occurs. Elsewhere 
in the pit, particularly at the northwest corner, this caliche-impregnated 
band thickens to several feet (plate 13, figure 1). On the north side 
of the pit, however, such a band is missing in places. The presence or 
absence of the caliche band, in the writer's judgment, has no particular 
significance. It is likely to be present where the overburden is heaviest 
and to disappear where the overburden is lighter. It forms at the level 
where the gravel, owing to seasonal fluctuation, is alternately moist and 
dry and is, therefore, not a characteristic of importance in the section. 
The basal conglomerate described for this section occurs very generally 
under the east side of this terrace. The presence of this conglomerate 
together with a thick overlying stratum of gravel has resulted in an 
abrupt escarpment, the drop from the terrace to the nearly level Permian 
plain below being here between 50 and 100 feet. 

The accompanying photograph taken at the southwest corner of the 
pit will help to show the characteristics of the gravel deposit (plate 13, 
figure 1). The rod, which is 14 feet long, rests in number 4 of the 
preceding section. The caliche band in number 2, showing white in the 
photograph, is here well developed. The base of number 3 is marked 
by a shadow due to the caving of the sand at this contact. Number 4 at 
this place is not separable into the three parts shown in the section. Num- 
bers 5 and 6 of the section are not seen in this photograph. 

Interpretation of the Holloman ridge or terrace——The Holloman ridge 
has been noted and commented upon by all who have previously written 
upon this subject. Cook, Gould, Hay, and Evans have all regarded the 
ridge as representing the gravel-filled valley of a river, this valley now 
standing above the surrounding country, owing to its greater resistance 
to erosion. An interpretation appealing to the writer as more nearly 
meeting all observed facts is that this ridge is the remnant of a terrace, 
higher in elevation than the Hefner terrace to the west. Under this 
interpretation, the westward slope both in the surface and in the bedrock 
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contact represents the drop to the next lower terrace. To the east there 
is no appreciable slope in the surface except that incident to the approach 
to the erosion scarp. To the south the ridge or terrace terminates by 
erosion, and northward it slopes gradually to a lower terrace. Its ridge- 
like appearance, therefore, is due to the fact that it is a terrace remnant, 
having a normal terrace slope at the west and an erosion-scarp slope at 
the east. At its southernmost extremity, in the vicinity of the Hollo- 
man pit and south of it, its ridgelike appearance is further accentuated 
by erosion of both the west and east margins, the head tributaries of 
Suttles Creek having there cut in between this and the next terrace to 
the west (figure 2). 

The two interpretations imply different histories of development of 
the topography. The interpretation here proposed is in accordance with 
the course of events normal to the development of river drainage svstems 
by which terrace remnants occur at successively higher levels, the highest 
terraces being mere fragments of their former great extent. ‘The length 
of time involved is not necessarily greatly different under the two hypoth- 
eses, since both recognize the reduction of the surrounding land by ero- 
sion from a former high level to its present elevation, accompanied by 
a lowering of the drainage system between 100 and 200 feet. 

If this last-mentioned interpretation is correct, a corresponding high 
terrace should have been formed on the left side of the North Fork. Im- 
mediately west of the North Fork such a high terrace, if formed, would 
probably have long since been destroyed, since here the three rivers, North 
Fork, Salt Fork, and Red River, converge. ‘There are some indications 
in the topography that a gradual westward shifting of the North Fork 
in this part of its course has occurred, which resulted in destruction of 
the terraces at the right side of the stream and favored their preserva- 
tion at the left side. A similar succession of terraces, however, is found 
on the south or right side of Red River. 

The Hefner Terrace.—Next west or southwest of the Holloman terrace 
and at a level 25 or 30 feet lower is an extensive terrace which is here 
named the Hefner terrace, the type locality being at the Hefner residence 
on the east side of section 35, township 1 south, range 18 west. From 
the high point on the Holloman terrace in section 25, elevation 1,399 
feet, the surface level drops to elevation 1,369 feet on the Hefner terrace 
at the southwest corner of this same section. Likewise, from the crest 
of the Holloman terrace on the section line between townships 1 and 2 
south, elevation 1,391.5 feet, the surface level drops, 0.6 mile west, to 
1,367 feet at the schoolhouse on this terrace. Three lines of leveling 
have been secured across this terrace. One is from the profile of the 
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Wichita Falls and Northwestern Railroad which crosses the terrace north- 
west-southeast. Another is that contributed by the Laughlin-Simmons 
Company. The third line of levels across the terrace was made under 
the writer’s direction by W. F. Wilson. These lines of leveling show 
that the terrace slops southward, the slope approximating 6 to 10 feet 
per mile. 

The present extent of this terrace is approximately 10 miles or more 
north-south by 4 or 5 miles east-west. South of the Holloman terrace 
the east margin of the Hefner terrace is an erosion scarp but not as 
pronounced as is the erosion scarp of the Holloman terrace. From this 
scarp, springs emerge at a few places, and at the scarp some sand and 
gravel pits have been located. A sand pit in the scarp is operated on sec- 
tion 1 about 1144 miles north-northeast of Frederick. The sand of this 
pit is at or near elevation 1,324 feet. The most complete section of this 
terrace obtained is that of a dug well recently completed at a schoolhouse 
in the northeast corner of section 1, township 2 south, range 18 west. 
The record of this well as given by E. H. Hefner, who helped in digging 
the well, is as follows: 


Depth 

in feet 
Samay Clay With some CALICHE. ... Oto 7 
Quicksand supplying water, into which three joints of concrete 


The base of the sand-sheet was not reached in this well but probably 
is not far below the bottom of the well. The surface elevation is 1,367 
feet, and hence the base of the sand-sheet of the terrace at this locality 
is below, although probably near, elevation 1,328 feet. The surface 
of this terrace is about 125 feet above the North Fork of Red River. 
This terrace is recognized south of Red River (4, figure 1). 

The Mitchell terrace.—N ortheastward, a slightly lower terrace extends 
almost to the north county line. At the Mitchell residence in section 
17, township 1 north, range 17 west, the elevation of this terrace is 
about 1,365 feet. At least four sand and gravel pits have been opened 
on the escarpment of this terrace. One of these pits now being operated 
intermittently is located on section 29, township 1 north, range 17 west. 
A spring at the site of a former gravel pit in this scarp on the northwest 
quarter of section 6, township 1 south, range 17 west, supplies water to 
the town of Manitou. The base of the terrace deposit is not well ex- 
posed, but at this locality is near elevation 1,315. The bedrock under 
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this terrace deposit is thus some 66 feet lower in elevation than is the 
bedrock under the Holloman terrace at the abandoned pit approximately 
5 miles farther south (central part of section 31, township 1 south, range 
1? west) and is 13 feet or more lower than the bedrock under the Hefner 
terrace at the schoolhouse some 6 miles south (northeast quarter of sec- 
tion 1, township 2 south, range 18 west). This terrace at the Mitchell 
residence is about 105 feet above the North Fork of Red River at the 
Wichita and Northwestern Railway crossing and is probably about 65 
feet above the bed of the river at the nearest point, which is about 6 miles 
northwest. Northward the terrace is limited by the lower and more 
recent valley of Otter Creek. 

The Holloman, Hefner, and Mitchell terraces form a closely related 
high terrace group recognizable both south and north of the Red River. 
At a distinetly lower level is another group of terraces on which the 
towns of Tipton and Davidson, in Oklahoma, and Vernon, in Texas, are 
built. The older terraces are not only higher in elevation, but have other 
evidences of age, including a more loamy soil than that found on lower 
terraces.* The principal member of the low terrace group may be desig- 
nated as the Davidson terrace. This terrace is recognized both north and 
south of Red River ((' and (’, figure 1). 

Some of the lower terraces of the North Fork of Red River are indi- 
cated on the map, figure 2, but will not be further described at this time, 
since their description is not essential to the problem under consideration. 


AGE OF THE GRAVEL Deposits 


Cook, who was the first to examine critically these deposits after the 
discovery of the artifacts, placed their age unqualifiedly as Pleistocene.* 
Hay, who examined them later and with Cook described their vertebrate 
fossils, likewise considered them Pleistocene in age.’ Figgins,® Spier,’ 
and Gould * concur in this determination. On the other hand, Evans 


3 For studies on increased loaminess with age on Red River terraces, see E. H. Sel- 
lards: Geologic and soil studies in the alluvial lands of the Red River. Univ. Texas 
Bull. 2327, 1923, pp. 27-87. 

*Harold J. Cook: New trails of early man in America. Scientific American, August, 
1927; and New geological and paleontological evidence bearing on the antiquity of man- 
kind in America. Nat. Hist., vol. 27, 1927, pp. 240-247. 

5 Oliver P. Hay and Harold J. Cook: Fossil vertebrates collected near, or in associa- 
tion with, human artifacts at localities near Colorado, Texas; Frederick, Oklahoma: 
and Folsom, New Mexico. Proc. Colorado Mus. Nat. Hist., vol. 9, no. 2, October, 1930. 

*J. D. Figgins: The antiquity of man in America. Nat. Hist., vol. 27, no. 3, 1927. 

7 Leslie Spier: Concerning man’s antiquity at Frederick, Oklahoma. Science (n. s.). 
vol. 27, 1928, pp. 160-161. 

®C. N. Gould: On the recent finding of another flint arrowhead in the Pleistocene at 
Frederick, Oklahoma. Jour. Washington Acad. Sci., vol. 19, 1929, p. 66. (Communi- 
eated by J. W. Gidley.) 
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has recently interpreted the geologic and topographic history of the re- 
gion in such a way as to permit assigning a Recent age to the highest of 
the gravel beds.° 

Evans accepts the hypothesis of Cook and others that the gravel beds 
occupy a stream channel, as distinct from a terrace, and also concurs 
in the conclusion which necessarily follows as to the amount of erosion 
that has taken place since the stream channel was abandoned. However, 
he holds that this stream bed was occupied by the North Fork of Red 
River until comparatively recent time and was then diverted by stream 
capture and caused to flow in its present broad valley, which he con- 
ceives of as having been prepared by another stream and thus made ready 
to receive the North Fork. The course of this hypothetical south-flowing 
stream is traced by Evans from near Otter Creek southward to near 
Frederick. If relative elevations had been available, Evans certainly 
could not have assigned such a course to this stream. The ground sur- 
face on the Mitchell terrace across which the stream would necessarily 
flew is 25 to 30 feet lower than on the Holloman terrace (figure 2). 
The bedrock to which such a stream would certainly cut, presents even 
greater contrast in elevation, being probably 50 feet or more lower 
than that on the Holloman terrace. The stream, as postulated by Evans, 
would necessarily flow upgrade some 25 or 50 feet in passing from a 
low to a high terrace.'° 

Other assumptions are made by Evans to support this one of a recent 
stream occupying the Holloman ridge, one of which is Recent regional 
uplift. thus affording increased impetus which resulted in stream cap- 
ture. Regional uplift and its effect on topographic and drainage con- 
ditions justify careful consideration, but quite certainly no such stream 
course as postulated by Evans can be explained in this way. It seems 
probable that regional uplift may have caused the pronounced break 
hetween the high terrace group (Holloman, Hefner, and Mitchell ter- 
races) and the low terrace group (Davidson and other terraces) (figure 
2). But if so, such regional uplift occurred during Pleistocene time. 

In order to maintain his hypothesis of Recent occupancy of the stream 
channel by the North Fork of Red River, Evans further assumed that the 
Pleistocene vertebrate fossils of the Holloman pit do not represent ani- 
mals living at the time the deposits were accumulated in their present 


°O. F. Evans: The antiquity of man as shown at Frederick, Oklahoma: A criticism. 
Jour, Washington Acad. Sei., vol. 20, 1930, p. 475. (Communicated by AleS Hrdliéka.) 
™ Mr. Evans very considerately went over the ground with the writer in May, 1931, 
and indicated approximately the assumed course of this stream. The location given 
coincides essentially with the scarp at the east margin of the Pleistocene deposits as 
far north at least as the base line (see map, figure 2). 
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position but are bones fossilized elsewhere, reworked by streams, and 
secondarily included in these beds. This claim of secondary deposition 
has often been advanced for other similar association of artifacts with 
extinct animals. In making these assumptions the writers overlook 
some very obvious evidence in the fossils themselves. One who will ob- 
serve fossil vertebrate remains eroding from stream deposits will find that 
the more delicate fossils are quickly destroyed. Those fossils that are 
so delicate that they can be removed only with the greatest care obvi- 
ously are not such as can be eroded out of one terrace, reworked, and 
re-included in another.’* | While bones are fresh and contain animal mat- 
ter they have sufficient toughness to withstand washing downstream and 
inclusion in the gravel beds. Parts of skeletons may remain associated 
if they reach their resting place while the bones or plats are still bound 
together by their cartilaginous union. Thus, the Glyptodon carapace 
mentioned by Evans is reported to be nearly intact and must have 
reached the position where it was found before being fossilized. 


CONCLUSIONS 


Two distinct lines of evidence are available by which to determine 
the age of the deposits of the Holloman pit, namely, stream-drainage 
development and paleontology. Since the Holloman terrace was formed 
and sealed beyond further disturbance, the Red River drainage svstem 
has lowered its level in this part of the State between 100 and 200 feet. 
In the process of stream development extensive lower terraces were 
developed. The development of these terraces resulted in the partial 
destruction of the older Holloman terrace. Other and lower terraces 
down to the present Recent valley of the river attest the downcutting 
of the drainage system. The lowering of this part of the system more 
than a hundred feet, with associated terrace development, implies adjust- 
ment throughout much or all of the Red River system. The changes 
that have occurred in the surface topography east and south of the 
present Holloman terrace include removal of the gravel and sand sheet 
which quite certainly extended south and east of its present margin. 
An upland, which has since disappeared, necessarily bounded the terrace 
eastward. The Holloman terrace, under this interpretation, is Pleisto- 
cene and by no means the most recent Pleistocene of this region, since 
successively lower terraces likewise are Pleistocene. The deposits of 
the terrace were, in the writer’s opinion, completed and sealed in Pleisto- 


121A similar conclusion with regard to the occurrence of fossils in this deposit has 
been expressed by Harold J. Cook: Jour. Washington Acad. Sci., vol. 21, 1931, pp. 
161-167. 
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cene time and remained undisturbed, except as erosion cut into the ter- 
race at its east margin, until quarrying operations uncovered the gravel. 
The vertebrate fossils of this sand and gravel bed have been described 
by Hay, Cook, and Gould, and the fauna, according to their results, is 
clearly of the Pleistocene period. ‘The genera described by them include 
Amyda, Camelops, Elephas, Equus, Felis, Glyptodon, Gomphotherium, 
Lama?, Megalonyx, Mylodon, Odocoileus, Ovibos?, Platygonus, Sym- 
bos?, Stegomastodon, Tapirus, Testudo ?. 

This paper does not deal primarily with the question of the authenticity 
of the arrow points in the gravel. However, the most careful inquiry 
has failed to develop any reason for doubting the carefully made observa- 
tions of A. H. Holloman and those associated with him in these dis- 
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EXPLANATION OF PLATE 
PLATE 12.—NSpecimens from Deposits at Frederick, Oklahoma 
Ficure 1.—Photograph at the southwest corner of the Holloman pit. 
Figure 2.—Worked flint from the Holloman pit, collected by A. H. Holloman. 


Ficure 3.—Camel jaw from the Holloman pit, illustrating the condition of 
preservation of the vertebrate fossils. 
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INTRODUCTION 


Very little is known about the marine Tertiary of Alaska. A num- 
ber of marine fossils have been described from various localities, but the 
collections that have been made previous to 1920 are from scattered locali- 
ties, and usually the material is not very well preserved. Grewingk ? de- 
scribed a few Tertiary species as early as 1850. In 1904 Dall ® listed and 
described some marine Eocene fossils from the Alaska Peninsula. He 
also described a number of species from Miocene beds of the Shumagin 
Islands ; the latter collections came from two localities, Unga Island and 
Popoff Island. Tertiary marine fossils have been reported from several 
localities along the coast of Alaska, and lists of species are given in various 
papers published by the United States Geological Survey. The deter- 
minations of the species in most of these lists, a large proportion of which 
are given as tentative, were made by Dall. 


1 Manuscript received by the Secretary of the Society May 11, 1932. 

2. Grewingk: Beitrag. “N. W. Amer. 1851. Russisch-Kaiserliche Mineralogische 
Gesellschaft zu St. Petersburg Verhandlungen for 1848-49. 

Cc. Grewingk : Beitrag. zur Kenntniss der orographischen und geognostischen Beschaf- 
fenheit der Nord-West Kiiste Amerikas, mit Anliegenden Inseln, part VI, 1848-49, pp. 
76-424. 

3 W. H. Dall: Harriman Alaska Expedition, vol. 4, 1904, pp. 99-121, pls. 9 and 10. 
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In 1920 Doctor Dall * described sixteen new species and one variety of 
fossil mollusks in a paper entitled “Pliocene and Pleistocene fossils from 
the Arctic Coast of Alaska and the Auriferous Beaches of Nome, Norton 
Sound, Alaska.” The preservation of the fossils from the deposits referred 
to the Pliocene is so perfect that certain geologists according to Dall have 
questioned his age determinations. The fairly large number of extinct 
species in the fauna, however, would appear to point to a Pliocene 
rather than a Pleistocene age. 

The latest reference to the occurrence of Tertiary rocks in Alaska is 
found in a paper entitled “Notes on the Geography and Geology of Lituya 
Bay, Alaska.” * The Tertiary deposits of this area occur on Cenotaph 
Island which is in Lituya Bay. Mertie reports that there is a possibility 
that these sediments have a thickness of 12,000 feet; however, he points 
out that the exposures are not too good. The fauna from these beds 
was determined as Miocene in age by W. H. Dall and contained over 
forty genera. Dall’s report to Mertie included the determination of spe- 
cies in two other collections from the same area. All the combined col- 
lection included only thirteen determinable species. Among these, how- 
ever, there are some very distinctive Pliocene forms. The fauna appears 
to belong to the same horizon as that of the Empire formation which Dall 
referred to the Miocene but which at the present time is generally con- 
sidered to be of Pliocene age. In fairness to Doctor Dall it should be 
pointed out that his determinations were made in 1906 and 1917. The 
correlations of West Coast formations have been very much changed since 
that time. 

The purpose of this paper is to describe the species and discuss the 
ecology and correlations of the fauna as shown by the collections made 
by Doctor Taliaferro and his party in 1920. These collections came 
from along the axis of the Yakataga anticline, which lies parallel to and 
near the beds between Icy Bay and Yakataga Point, the length of the 
area involved being about 15 miles (see figure 1, page 843). They appar- 
ently are the largest and best-preserved collections that have come out of 
Alaska, but they were incidental to the stratigraphic work of the party 
and undoubtedly a much better and more complete fauna could be 
obtained from this area. 

A. G. Maddren collected at a number of localities in this area between 
Yakataga Reef and Icy Bay. The species in his collections were deter- 
minded by W. H. Dall and listed by Maddren® in his paper entitled “Min- 


4W. H. Dall: Prof. Paper 125, 1920, pp. 23-37. 
5 J. B. Mertie. Jr.: U. S. Geol. Surv. Bull. 836 B, 1931, pp. 117-134. 
6A. G. Maddren: U. 8. Geol. Surv. Bull. 592, 1913, pp. 127-130. 
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eral deposits of the Yakataga District.” It was Dall’s conclusion that 
these beds were either upper Oligocene or lower Miocene in age. 
Taliaferro, in his paper entitled “Geology of the Yakataga, Katalla, 
and Nichawak Districts, Alaska,” which precedes this, has described two 
formations which are exposed along the Yakataga anticline. The Poul 
Creek formation outcrops in the middle of the anticline, the base not 
being exposed; above this and outcropping on the flanks and on the 
north-and-south-plunging ends of the anticline is the Yakataga formation. 
The Poul Creek formation is composed of dark-colored shales inter- 
calated with thinner layers of sandstone. The Yakataga formation con- 
sists of shales, sandstones, and conglomerates. Taliaferro’s conclusion 
from his study of the lithology of these two formations is that these 
deposits were formed in part of glacial debris and that the conditions 
off the coast of Alaska during that time were very similar to those of the 
present day. Glaciers extended down to the coast and dumped their 
loads into the ocean. It is also possible that icebergs contributed their 


loads farther out from the coast. A comparison of the fauna of the 
Poul Creek and Yakataga formations to that living off the coast at pres- 
“ont shows a very close relationship, which agrees with Taliaferro’s con- 
clusion. 

All but three of the collections made by Taliaferro’s party came from 
lthe Poul Creek formation. The three localities in the Yakataga forma- 
ltion are localities 3859, 3860, and 3861, the latter from float (see map 
at end of paper, page 843, and check list, pages 844-846). As will be 
seen from the check list, all the determinable species from the Yakataga 
formation occur also in the Poul Creek formation ; the change in lithology 
is not accompanied by a change in the fauna—it belongs to one zone, the 
Blakeley horizon as recognized in Washington. The fauna of the Blake- 
ley horizon is considered by the writer to be upper Oligocene in age; it is 
correlated with that of the San Ramon formation in California. 

The writer correlates the faunas of the Blakeley and San Ramon forma- 
tions with that of the upper San Lorenzo formation of the Santa Cruz 
Quadrangle. The latter formation was originally described and referred 
to the Oligocene by Arnold ? in his paper on the Tertiary and Quaternary 
pectens of California. The upper portion of this series was referred to 
as the transition horizon and was described as grading up into the Vaque- 
tos formation which overlies it. 


"Ralph Arnold: U. S. Geol. Surv. Prof. Pap. 47, 1906, pp. 15-17. 
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STATISTICAL SUMMARY OF FAUNA FROM THE PouL CREEK-YAKATAGA 


ForRMATION 
Number of species, determinate and indeterminate.................... 42 
Number of determinable species, subspecies, and varieties.............. 34 
Number of determtinable Recent 4 
Number of species compared to Recent species............eeceeeeceeeees 2 


The Recent species and those closely allied to Recent forms in the 
fauna from the Poul Creek and Yakataga formations indicate that the 
temperature of the waters in that area was not very different from that 
of the water off the coast of southern Alaska at present, being classified 
as cold temperate. 

The following is a list of such species and their present geographical 
distribution. 

1. Leda fossa Baird ranges from Kotzebue Sound, Alaska; to Puget Sound. 
2: Panomya turgida Dall ranges from Unalaska Shumagin Islands to Puget 
Sound. 
3. Saxicava pholadis Linn ranges from the Arctic Ocean to Panama. 
4. Schizothaerus nuttalli Conrad n. subsp.? The specimens of Schizothaerus 
nuttalli Conrad in our collection are close to the variety capar Gould, the 
range of which is from Kodiak Island, Alaska, to San Pedro, California. 
5. The genus Colus is represented by species which in general live in boreal or 
cold temperate waters. The species Colus rearensis is close to the Recent 
species C. periscelidus, which is found living off the coast of Alaska. 
6. The genus Neptunea is essentially a cold water form. The species N. tabu- 
latus has a range from Alaska to San Diego; in the north it is found in 
shallow water, but in the south it is found only by dredging. 
7. Turcicula. The only known living species on the Pacific Coast belonging 
to the genus Turcicula was dredged up from deep water (414 fathoms). 


It would seem that the faunas of the Poul Creek and Yakataga forma- 
tions, taken as a whole, lived in comparatively shallow waters. The 
presence of the genus Mya at several localities even suggests brackish 
water conditions. The temperature condition, as shown by such genera 
as Panomya, Colus, Neptunea, and Turcicula, was cool temperate, ap- 
parently very close to that which exists in the same region today. 


EvIpENCE FRoM CORRELATION WITH THE FauNA oF THE BLAKELEY 
Horizon 


As already stated the fauna of the Poul Creek and Yakataga forma- 
tions is correlated with that of the Blakeley horizon of Washington, which 
in turn is correlated with the fauna of the Sooke formation * of Southern 


8 Bruce L. Clark and Ralph Arnold: Fauna of the Sooke formation, Vancouver Island. 
Univ. Calif. Publ., Bull. Dept. Geol. Sci., vol. 14, no. 5, 1923, pp. 123-234, pls. 5-42. 
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Vancouver Island. The Blakeley fauna from the type section has been 
monographed by the late- Dr. Nellie Tegland; this paper is now in press. 
Her conclusion was that the Blakeley formation is upper Oligocene in 
age. Of the 34 determinable Alaskan species, seven are found in beds 
of the Blakeley horizon of Vancouver Island or Washington. At least 
three of the species, which are considered new, appear to be closely related 
to Blakeley species from the State of Washington. 

The following notes on the Alaskan species which are found in these 
other areas will give the reader some idea as to their value in establish- 
ing the correlation here proposed. 


1. Nucula (Acila) gettysburgensis Reagan. A very common species in upper 
Oligocene deposits of Washington and California. See detailed discus- 
sion on page 804. 

2. Macrocallista pittsburgensis Dall. This species has not heretofore been 
reported from beds higher than the Lincoln horizon, lower Oligocene of 
Washington. 

3. Pitaria (Katherinella) arnoldi Weaver. This species is very common in 
the type section of the Blakeley formation. 

4. Spisula ramonensis Packard. Spisula ramonensis var. attenuata Clark. 
The type of this species and its variety both came from the San Ramon 
formation (upper Oligocene) of California; the species is also common 
in the Blakeley formation of Washington. 

5. Thracia schencki Tegland. This is a very common species in the Blakeley 
and Twin River deposits of Washington. : 

6. Galeodea apta Tegland. The type of this species comes from the Twin 
River deposits (upper Oligocene) of Washington. Certain of its variants 
in Alaska are somewhat different from those from the Twin River beds, 
and possibly they should be recognized as a new variety of that species. 

7. Turcicula turbonata n. sp. This species also comes from the Twin River 
deposits (upper Oligocene) of Washington, considered by Doctor Tegland 
to be the same horizon as the Blakeley. 

8. Polinices ramonensis Clark. The type of this species was described from 
the San Ramon formation of California. It has not been found in beds 
higher than upper Oligocene. 


In addition to the species listed above, there are several that are evi- 
dently closely related to the described upper Oligocene species, and it is 
possible that some of these should be referred to as subspecies. 

Venericardia yakatagensis n. sp. resembles V. castor Dall, the type of 
which came from the Blakeley formation. Miopleona corrugata Dall 
resembles closely a new species, which is common in the Twin River 
deposits of Washington. 
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SUPPOSED LOWER MIOCENE AGE OF THE SAN RAMON FORMATION 


As stated above, the fauna of the Poul Creek and Yakataga formations 
is correlated on the basis of identity of species with that of the Blakeley 
horizon of Washington, and this in turn with that of the San Ramon 
horizon of California. In previous papers by the writer the latter fauna 
has been referred to the upper Oligocene. Stewart,® in a recent paper, 
has advanced the épinion that the beds referred to the San Ramon 
horizon in California are lower Miocene and not Oligocene in age, and 
Woodring *° has expressed the same opinion. Their reason for placing 
these beds in the Miocene is the presence in them of certain molluscan 
genera such as Dosinia, Chione (Chione), Cancellaria (Crawfordiana), 
which in other parts of the world are not known below the Miocene. In 
the writer’s opinion this criterion for general correlation is an unsafe 
one, especially in view of the fact that so little is known of the older Ter- 
tiary of Asia or the islands off the coast of Asia. Because these genera 
were absent from the Oligocene of the Atlantic provinces is no reason 
for concluding that they were not living at that time in the northern 
Pacific province. Also there is no reason for believing that these genera 
evolved suddenly. The close relationships of the species of Chione and 
Dosinia™ in the San Ramon beds to those in the Recent suggests that 
they had been in existence for a long time before they made their ap- 
pearance in the California subprovince, and it is probable that they may 
be found in the Asiatic province in beds older than the San Ramon 
horizon. 


InpIrREcT EVIDENCE FOR UPPER OLIGOCENE AGE OF FAUNA OF SAN RAMON 


No invertebrate species have for a certainty been found common to 
the Blakeley-San Ramon fauna and to the fauna of the Oligocene of 
Europe or of the southern United States; also the generic assemblage is 
quite different from that of either of these two provinces. This gen- 
eralization holds true not only for the Blakeley-San Ramon fauna but 
also for that of the Lincoln horizon. The correlation of the invertebrate 
fauna of the San Ramon horizon of California with that of the upper 
Oligocene of Europe is based chiefly on vertebrate evidence found in the 
Tertiary section at the south end of the San Joaquin Valley, California. 


* Ralph Stewart: Gabb’s Cretaceous and Tertiary type Lamellibranchs. Spec. Publ. 
No. 3, Acad. Nat. Sci. Phila., Aug. 9, 1930. 

1 W. P. Woodring: Upper Eocene orbitoid foraminifera from western Santa Ynez 
Range, California. Trans. San Diego Soc. Nat. Hist., vol. 6, no. 4, 1930, pp. 145-170. 

11 Since the above was written Alex. Clark has informed the writer that the genus 
Dosinia occurs in the San Emigdeo formation near the south end of the San Joaquin 
Valley, California. 
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Here the Tecuya continental beds overlie beds of Tejon age and grade 
up into the overlying Vaqueros (lower Miocene) deposits. Brackish- 
water beds containing oysters are found intercalated with the con- 
tinental Tecuya beds. When these Tecuya and Vaqueros beds are 
traced westward into the vicinity of Pleito Creek, a distance of only a 
few miles, they are found to overlie unconformably beds containing a 
typical San Ramon fauna. This unconformity is shown by the overlap 
and irregular contact as well as by the change from marine to continental 
deposits. In 1920 Chester Stock ** described a small collection of verte- 
brates from the type section of the Tecuya formation. His conclusion 
was that the mammalian fossils indicated a late Oligocene or early 
Miocene age of the land deposits, and in his correlation table he showed 
the Tecuya beds as belonging to the same horizon as the John Day 
formation of eastern Oregon. The well-known vertebrate fauna of the 
John Day formation was at that time considered upper Oligocene in 
age. Since then the United States Geological Survey has accepted the 
Aquitanian horizon as being lowermost Miocene instead of upper Oligo- 
cene as formerly determined. This change is in accordance with the 
present European usage. The upper John Day beds were considered 
Aquitanian, and therefore at the present time they are referred to the 
lower Miocene. From this it must follow that the Tecuya beds with 
which they are correlated are likewise Aquitanian or lowermost Miocene. 
The San Ramon beds lie unconformably below the Tecuya beds; thus 
they can not be later than Aquitanian. The close relationship of the 
Tecuya beds to the Vaqueros beds above suggests that the Vaqueros 
deposits also are Aquitanian in age. If so, it seems improbable that 
the San Ramon beds belong to the same horizon, inasmuch as the fauna 
of the San Ramon horizon has more in common with the fauna of the 
underlying Lincoln formation than with that of the overlying Vaqueros 
deposits. 

The fact that the genera and species of the faunas of the Lincoln and 
of the Blakeley-San Ramon horizon are so different from those of the 
Oligocene of the Gulf of Mexico and Caribbean provinces suggests that 
there was a land barrier separating them during the Oligocene period. 
There is, however, a possibility that it was a temperature rather than a 
land barrier which kept the two faunas from mingling, but to the writer 
this latter hypothesis seems improbable because of the fact that the faunas 
of the San Ramon and Lincoln horizons appear to indicate warm tem- 
perate conditions which would permit a considerable number of species 


12 Chester Stock: An early Tertiary vertebrate fauna from the southern Coast Ranges 
of California. Univ. Calif. Publ., Bull. Dept. Geol., vol. 12, no. 4, 1920, pp. 267-276. 
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that were living off the coast of Panama to live as far north as Wash- 
ington. Among these are species belonging to such genera as Arca, 
Dosinia, Architectonica, and Conus. In the writer’s opinion the faunas 
of the Lincoln and the San Ramon horizons indicate water conditions 
fully as warm as do those of the Vaqueros, the next major faunal horizon 
above the San Ramon in California. The fauna of the Vaqueros horizon, 
however, contains a considerable number of genera and species which ap- 
pear for the first time on the West Coast, having come from the Caribbean 
province. In some cases these species represent varieties of well-known 
Caribbean forms, and there can be little doubt but that the Caribbean 
and Pacific waters were connected during Vaqueros times. 


DESCRIPTION OF SPECIES 


Phylum MOLLUSCA 
Class LAMELLIBRANCHIATA 
Family NUCULIDAE 


Genus NUCULA Lamarck, 1799 
NUCULA (ACILA) GETTYSBURGENSIS Reagan 


Plate 14, figure 12 


Nucula (Acila) gettysburgensis Reagan. Transactions of the Kansas Acad- 
emy of Sciences, volume 22, 1909, page 175, plate 1, figure 3. 

N. gettysburgensis Reagan. Weaver; Washington Geological Survey, Bulletin 
15, 1912, page 18. 

Acila gettysburgensis Reagan. Arnold and Hannibal; Proceedings of the 
American Philosophical Society, volume 52, 1913, pages 583-584. 

Acila gettysburgensis Reagan. Weaver; University of Washington Publica- 
tions, Geology, volume 1, number 1, 1916, page 28; Proceedings of the 
California Academy of Sciences, series 4, volume 6, number 2, 1916, page 
35; idem, number 3, 1916, page 51. 

Acila gettysburgensis Reagan. Clark; University of California Publications, 
Bulletin of the Department of Geology, volume 11, number 2, 1918, page 
119, plate 13, figure 9. 


Plesiotype—Number 30400, University of California Museum of 
Paleontology Invertebrate Collection, University of California Locality 
3871. 

See discussion of Nucula (Acila) gettysburgensis alaskensis n. var. 

NUCULA (ACILA) GETTYSBURGENSIS ALASKENSIS n. var. 
Plate 14, figure 15 


Type——Number 30388, University of California Museum of Paleon- 
tology Invertebrate Collection, University of California Locality 3871. 

Acila gettysburgensis is one of the most common species in the Blakeley 
horizon, upper Oligocene of Oregon and Washington. It is found also 
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in the upper Oligocene of California. The species was found at a num- 
ber of localities in Alaska. Some of the specimens referred to that spe- 
cies come well within the limit of variation of the typical form and can 
not be distinguished from it; others, to which the varietal name alaskensis 
has been given, differ quite decidedly from any found in the collections 
from Oregon and Washington. Figures of the typical form and the 
variety are given for comparison; the chief difference between the two is 
that the anterior end of the Alaskan form is not produced, while in the 
typical form it is rather noticeably so; also in the Alaskan form the 
posterior umbonal groove, which is so well marked on the typical form, 
is less well defined and situated closer to the line of angulation which 
bounds the escutcheonal area. The radial sculpturing of the two forms 
is identical. This variety has an outline very similar to that of A. 
shumardi Dall,’* from which it differs in having a coarser radial sculptur- 
ing and a posterior umbonal groove which is obsolete on the latter spe- 
cies. The variety alaskensis has not been seen in any of the collections 
from Washington or Oregon. 


NUCULA (ACJLA) YAKATAGENSIS n. sp. 
Plate 14, Figure 13 


Type.—Number 30393, University of California Museum of Paleon- 
tology Invertebrate Collection, University of California Locality 3871. 

Shell elongate; apical angle about 90 degrees; escutcheonal area broad, 
sloping with a rather wide angle away from the main surface and sepa- 
rated from it by a fairly well-defined umbonal ridge; just in front of 
this and above the subtruncate posterior end the surface is slightly de- 
pressed or concave. Radial divaricating ribbing medium fine, the main 
line of divarication slanting anteriorly from the beaks. The radial rib- 
bing also covers the escutcheonal area; here it is somewhat finer than 
on the main surface of the shell. Hinge plate unknown. Dimensions 
of type: length 22 millimeters; height about 14 millimeters. 

Only one specimen referable to NV. yakatagensis was found in the col- 
lections. It is however a distinctive form, very different from any of 
the described species. It differs from A. gettysburgensis Reagan, which 
was found at the same locality, in not having the marked posterior sulcus 
so characteristic of that species; also the escutcheonal area is distinctive. 

Occurrence.—University of California Locality 3871. 


134. shumardi Dall, figured first by Dall as A. decisa Conrad. Trans. Wagner Free 
Inst. Sci., vol. 3, pt. 4, 1898. p. 573. See figure and discussion by Clark, Univ. Calif. 
Publ., Bull. Dept. Geol., vol. 11, no. 2, 1918, p. 121, pl. 13, figs. 7, 8, 17. 
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N. yakatagensis resembles N. shumardi,"* a characteristic middle Oligo- 
cene species, very closely in outline and sculpturing. The most distinc- 
tive characters that separate the two are the escutcheonal area and the 
posterior end; on V. shumardi the escutcheonal area is depressed almost 
at right angles to the main surface of the shell, while on N. yakatagensis 
this area forms an oblique angle to the main surface. 


NUCULA (ACILA) HAMILTONENSIS n. sp. 
Plate 14, figures 11 and 14 


Type.—Number 30376, University of California Museum of Paleon- 
tology Invertebrate Collection, University of California Locality 3850. 

Paratype.—N umber 30375, University of California Museum of Paleon- 
tology Invertebrate Collection, University of California Locality 3854. 

Shell thin, beaks inconspicuous. No well-defined lunule; escutcheon 
wel! developed, elongate, depressed at right angles to the main surface 
and separated from it by a well-defined line of angulation. Radial diver- 
cating ribs rather fine, the line of divarcation being anterior to the beaks. 
Dimensions of type: Length 20 millimeters, height about 17 millimeters, 
diameter of both valves about 8 millimeters. 

Occurrence.—University of California Locality 3850. 

This species differs in outline from any of the described West Coast 
species, either fossil or Recent, the most noticeable character being the 
great height in proportion to the length; the slight inflation of the valves 
and the narrow escutcheonal area are also distinctive. 


Family LEDIDAE 


Genus LEDA Schumacher, 1817 
LEDA FOSSA Baird 


3 Plate 14, figure 3 
Leda fossa Baird. Proceedings of the Zoological Society, 1863, page 71; Bulle- 


tin of the Natural Historical Society of British Columbia, number 2, 1863, 
page 7, plate 2, figures 3, 13. 


. Plesiotype-—Number 12403, University of California Museum of Pa- 
leontology Invertebrate Collection, University of California Locality 3858. 

The specimen here listed and figured as Leda fossa is the only one 

found in this collection. It is, however, very well preserved and agrees 

in outline and sculpturing with L. fossa Baird, the range of which is given 


14N. (Acila) shumardi Dall figured as Acila decisa Conrad. Trans. Wagner Free Inst. 
Sci., vol. 3, pt. 4, 1898. p. 573. Figured in vol. 5, 1900, pl. 40, figs. 1, 3; renamed by 
Dall in U. S. Geol. Survey Prof. Pap. 59, 1909, p. 103. 
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DESCRIPTION OF SPECIES 807 


by Dall as being from Kotzebue Sound, Alaska, to Puget Sound, Wash- 
ington. The hinge plate of the specimen is not exposed. 


Genus YOLDIA Miller, 1842 
YOLDIA indet 


An imperfect specimen, a poor cast of Yoldia, was found in the col- 
lection from University of California Locality 3850. The form belongs 
to the same general group as the Recent West Coast species, Yoldia cooperi 
Gabb.° The length of the specimen, posterior end broken, is 35 milli- 
meters; height about 18 millimeters. 

Occurrence.—University of California Locality 3850. 


Family PECTINIDAE 


Genus PECTEN Muller, 1776 
PECTEN (PATINOPECTEN) YAKATAGENSIS n. sp. 


Plate 15, figure 8; Plate 16, figure 1 


Type.—Number 30381, University of California Museum of Paleon- 
tology Invertebrate Collection, University of California Locality 3859. 

Paratype-—Number 30382, University of California Museum of Pa- 
leontology Invertebrate Collection, University of California Locality 
3859. 

Shell fairly large, left valve nearly flat, right valve only slightly in- 
flated, apical angle about 125 degrees. Left valve sculptured by about 
28 narrow, flat-topped, T-shaped ribs; tops of wider ribs grooved; sur- 
face also covered by fairly prominent concentric laminae which cross 
the narrow ungrooved ribs without any break, while on the grooved ribs 
the laminae are developed only on each side of the groove, appearing 
as low spiny processes. Ears imperfect on the specimens at hand; ap- 
parently they were large and broad and covered by fine radiating ribs 
broader and not so high as on left valve; sides of the ribs slope down rather 
steeply, but not distinctly T-shaped as in left valve; the tops of these 
ribs, especially below the center of the valve, are broadly concave or 
grooved ; interspaces flat-bottomed. Surface of the shell smooth except 
for incremental lines; posterior ear on specimen at hand entirely gone; 
anterior ear somewhat imperfectly preserved but shows that it had a well- 
developed byssal notch and that the surface was sculptured by at least 
three fairly prominent radial ribs. Dimensions of type: a left valve 


1 Yoldia cooperi Gabb. Proc. Calif. Acad. Sei., vol. 3, 1865, p. 189. Pal. Calif., vol. 
2, 1869, p. 31, pl. 9, fig. 54. 
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broken laterally, height about 79 millimeters; length approximately 75 
millimeters. 

Occurrence.—University of California Locality 3859. 

Pecten yakatagensis of all the species referable to the subgenus Patino- 
pecten is unique. Most of the species in this group have the ribs on the 
left valve acutely rounded, rather than grooved or imbricately sculptured ; 
the Alaskan species has squared, grooved, T-shaped ribs with imbricating 
lamellae. The right valve of the other species of Patinopecten, eg. Pec- 
ten coosensis Shumard, Pecten turneri Arnold, Pecten healeyi Arnold, 
Pecten caurinus Gould, etcetera, has the squared, usually T-shaped, 
grooved ribs. It is very possible that Pecten yakatagensis should be 
placed in a new section. 


Family THRACIIDAE 


Genus THRACIA (Leach) Blainville, 1824 
THRACIA SCHENCKI Tegland Ms. 


Plate 15, figures 2, 3, and 5 


Plesiotypes—Number 31341, University of California Museum of Pa- 
leontology Invertebrate Collection, University of California Locality 
3854; number 31342, University of California Museum of Paleontology 
Invertebrate Collection, University of California Locality 3850; number 
30377, University of California Museum of Paleontology Invertebrate 
Collection, University of California Locality 3850, 

This species is very common in the Blakeley horizon of Washington. 
It varies considerably in outline, some of the varients approaching 
Thracia condoni,® a species common in the middle Oligocene of Wash- 
ington and in the San Ramon formation of California, while others are 
very close in outline to 7’. trapezoides,"* a species first found in the Middle 
Miocene of Oregon. 

The most important difference between 7. trapezoides and T. schenckt 
is the absence on the latter of the second flexure which is on the anterior 
third of the shell surface, this flexure being well developed on the former 


species. 
16 Thracia condoni Dall. U.S. Geol. Surv. Prof. Pap. 59, 1909, p. 135, pl. 19. fig. 5. 
11 Thracia trapezoides Conrad. U. 8S. Expl. Exped., 1849, p. 723, pl. 17, fig. 6, also 
figured by Dall, U. S. Geol. Surv. Prof. Pap. 59, 1909, pl. 2, fig. 14; pl. 13, fig. 7. 
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Family PANDORIDAE 
Genus PANDORA Hwass, 1795 
PANDORA (KENNERLIA) YAKATAGENSIS n. sp. 


Plate 17, figures 1 and 2 


Type.—Number 30399, University of California Museum of Paleon- 
tology Invertebrate Collection, University of California Locality 3869. 

Shell fairly large for this genus, beaks inconspicuous. Left valve slightly 
convex, a somewhat obscure umbonal ridge between the beak and the 
lower angulation of the subtruncate posterior end. Right valve flat, the 
ventral edge overlapped by the ventral margin of the left valve; narrow 
posterior dorsal margin reflected almost at right angles to the main sur- 
face of the shell. Surface of both valves covered by fairly heavy some- 
what irregular undulations, on and between which are the finer incre- 
mental lines. Dimensions of type: Length about 40 millimeters; height 
about 23 millimeters. 

Of the recent Pacific Coast species P. bilirata** Conrad is the nearest 
in outline to P. yakatagensis. The latter species, however, has a less- 
inflated left valve, on which is only one umbonal ridge that is somewhat 
obscure, while on the former species there are two such ridges on the 
depressed posterior dorsal margin. 

P. yakatagensis is about the same size as P. grandis *® Dall, a recent 
species, although it has a very different outline. Another recent spe- 
cies which it resembles rather closely in outline and concentric sculptur- 
ing is P. glacialis.2° The posterior end of the latter is somewhat broader 
and the umbonal ridge of the left valve is more prominent and closer to 
the posterior dorsal edge; on the right valve of the latter species there 
is also a well-developed umbonal ridge which is not developed on the 
same valve in P. yakatagensis. 


Family CARDITIDAE 


Genus VENERICARDIA Lamarck, 1801 
VENERICARDIA YAKATAGENSIS n. sp. 


Plate 14, figures 6 and 7 
Type—Number 12409, University of California Museum of Paleon- 


tology Invertebrate Collection, University of California Locality 3854. 
Shell fairly heavy; height about equal to width; beaks prominent. 


18 P, bilirata Con. Proc. Philedelphia Acad. Nat. Sci., vol. 7, 1855, p. 267; also Pacific 
R. R. Rept., vol. 6, 1854-55, p. 73, pl. 11, fig. 25. 

19 Pandora grandis Dall. Proc. Calif. Acad. Sci., vol. 7, 1876, p. 11. 

20 Pandora glacialis Leach. Jour. Phys., vol. 88, 1819, p. 465; also Sowerby in Spec. 
Conch, figs. 4-6. 
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Small, rather deeply depressed lunule; surface sculptured by about 25 
broadly rounded radial ribs with shallow rounded interspaces some- 
what narrower than the width of the ribs; surface also covered by rather 
strong, somewhat imbricating incremental lines. Hinge plate not ex- 
posed. Dimensions type specimen: Height 26 millimeters; length 27 
millimeters; greatest diameter including both valves 16.5 millimeters. 

This species resembles closely in outline and sculpturing, V. castor 
Dall,** a species from the Upper Oligocene of Washington. The former 
differs from the latter in that the width is more nearly equal to the length. 
On V. castor there are about 22 radial ribs, on V. yakatagensis about 25. 
Also, on the latter species the interspaces between the ribs are wider than 
on the former. The character that indicates most clearly the distinctness 
of the two species is the lunule. The lunule of V. yakatagensis is notice- 
ably depressed; on V. castor it is not, being only defined by a deeply 
impressed line. 


VENERICARDIA HAMILTONENSIS n. sp. 
Plate 14, figures 9 and 10 


Type.-—Number 12408, University of California Museum of Paleon- 
tology Invertebrate Collection, University of California Locality 3858. 

Shell heavy; beaks inconspicuous, slightly prosogyrous, rather strongly 
inturned; lunule small, depressed; surface sculptured with about 22 
rounded radial ribs with shallow interspaces which average a little less 
than the width of the ribs; posteriorly the ribbing is more prominent 
than towards the anterior end; surface also covered by very heavy im- 
bricating incremental lines. These concentric lines of growth are heavier 
anterior to the median line and tend to cover the radial ribbing so that 
on some specimens (this is seen on the type) the ribbing becomes obso- 
lete. Hinge plate not exposed. Dimensions of type specimen: Length 
23 millimeters; height 19 millimeters, 


Family THY ASIRIDAE 


Genus THYASIRA (Leach in) Lamarck, 1818 
THYASIRA BISECTA Conrad 


Plate 14, figure 2 


Venus bisecta Conrad. Geological United States Exploratory Expedition, vol- 
ume 10, 1849, page 724, plate 17, figures 10, 10a. 

Thyasira bisecta Conrad. Meek, Smithsonian Institution Check List Miocene 
Fossils of North America, 1864, page 8. 


21 Venericardia castor Dall. U.S. Geol. Surv. Prof. Pap. 59, 1909, p. 116, pl. 14, figs. 
1, 3. 
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Cyprina bisecta Conrad. American Journal of Conch., volume 1, 1865, page 
153. 

Not. Conchocele disjuncta Gabb. Paleontology of California, volume 2, 1866, 
page 28, plate 7, figure 48. 

Thyasira bisecta Conrad. Dall in part. Proceedings of the United States 
National Museum, volume 17, 1895, plate 26, figures 2, 5; Proceedings of 
the United States National Museum, volume 23, 1901, page 789. 

Thyasira bisecta Conrad. Arnold Memoir, California Academy of Sciences, 
volume 3, 1908, page 135, plate 15, figure 5. 

Thyasira bisecta Conrad. Dall in part. United States Geological Survey 
Professional Paper 59, 1909, page 118. 

Thyasira bisecta Conrad. Arnold and Hannibal, Proceedings of the Ameri- 
can Philosophical Society, volume 52, 1913, pages 583, 584, 588. 

Thyasira bisecta Weaver. Bulletin of the Washington Geological Survey, num- 
ber 15, 1912, page 20; California Academy of Sciences, 4th series, volume 
6, number 2, 1916, page 37, number 3, page 51; University of Washington 
Publications, volume 1, number 1, 1916, page 6-28. 

Thyasira bisecta Reagan. Transactions of the Kansas Academy of Sciences, 
volume 22, 1909, page 180, plate 1, figure 7. 

Thyasira bisecta Tegland. University of California Publications, Bulletin of 
the Department of Geological Sciences (in press). 


Plesiotype-—Number 30385, University of California Museum of Pa- 
leontology Invertebrate Collection, University of California Locality 
3860. 

The specimen figured in this paper was sent to the late Doctor Dall 
to compare with the type. His reply is as follows: 


“Your Thyasira is almost exactly like Conrad’s figured type, but his mate- 
rial comprised five or six specimens which vary among themselves, one being 
almost exactly like the Recent shell. My two full-grown specimens of the 
latter species agree exactly with Gabb’s figure; though he has made his figure 
of the hinge altogether too heavy. Curiously enough the lunules of my two 
Recent shells vary in size, one being at least a third bigger than the other.” 


92 


Doctor Dall placed Thyasira disjuncta ** as a synonym of T. bisecta 
(see specimens). Doctor Tegland’s conclusion was that the two were 
distinct species. The type of T’hyasira disjuncta came from the Pliocene 
of northern California. It is found living off the coast of Washington. 
T. disjuncta was well figured by Gabb and under the name T. bisecta 
by Dall, Arnold, and Oldroyd. A comparison of these figures, even with- 
out the actual material, with those of 7. bisecta figured by Conrad will 
show the decided difference in the anterior truncation, which distin- 
guishes the two species. 7’. bisecta has the anterior margin below the 
lunule projecting forward, whereas 7’. disjuncta shows this area as dis- 


22 Nellie May Tegland: Nautilus, vol. 41, no. 4, 1928, p. 129-130. 
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tinctly flattened—quoting Gabb, “anterior end abruptly and angularly 
truncated.” 

Examination of a large series of individuals from the Tertiary of the 
west coast shows other differences such as in outline and size of adult 
forms, but the outstanding contrast is the feature just described. 

The species apparently ranges from the Middle Oligocene to the Middle 
Miocene. 


Family LUCINIDAE 


Genus PHACOIDES Gray, 1847 
PHACOIDES cf. COLUMBIANUM Clark and Arnold 

Specimen.—Number 31348, University of California Museum of Pa- 
leontology Invertebrate Collection, University of California Locality 
3869. 

An imperfect specimen of Phacoides was found in the collection from 
University of California Locality 3869 and another at Locality 3868. 
The species which it most nearly resembles is Phacoides columbianum *8 
described from the Sooke formation of Vancouver Island, which species 
is rather common in both the Upper and Lower Oligocene deposits of 
Washington. 


Family CARDIIDAE 


Genus CARDIUM Linnaeus, 1758 
CARDIUM (PAPYRIDEA) BROOKSI n. sp. 


Plate 18, figure 5 


Type.—Number 30402, University of California Museum of Paleon- 
tology Invertebrate Collection, University of California Locality 3850. 

Shell semiquadrate; beaks well anterior to the median line; apical 
angle about 113 degrees; surface with the line of greatest convexity ex- 
tending from the beaks to the lower part of the rounded posterior end; 
sculptured by about 32 prominent radial ribs with interspaces averaging 
about equal to the width of the ribs. This ribbing is somewhat finer 
near the posterior end and becomes obsolete on the posterior dorsal mar- 
gin; the ribs appear to have been originally V-shaped, coming to a sharp 
edge, and probably were somewhat spinose. Incremental lines very fine. 
Hinge plate not exposed. Dimensions of the type: Length 34 millimeters; 
height 26 millimeters. 


*3 Phacoides columbianum Clark and Arnold. Univ. Calif. Publ., Bull. Dept. Geol. 
Sci., vol. 14, no. 5, 1923, p. 144, pl. 25, figs. 2a, 2b. 
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DESCRIPTION OF SPECIES 813 


This species, judging from external characteristics, belongs to the sub- 
genus Papyridea Swainson. In outline it resembles rather closely the 
Recent species, C. bullatum, from the region of Panama. The former 
differs from the latter in that the beaks are more anterior and proso- 
gyrous; also the radial ribs are less numerous. 

This species is named in honor of the late Dr. A. H. Brooks, who has 
contributed much valuable work on the geology of Alaska. 


CARDIUM (CERATODERMA) YAKATAGENSIS n. sp. 
Plate 18, figure 8 


Type-——Number 30384, University of California Museum of Paleon- 
tology Invertebrate Collection, University of California Locality 3860. 

Shell moderately ventricose, beaks prominent, strongly inturned, 
slightly prosogyrous. Surface sculptured by about 30 sharp V-shaped 
radial ribs with wide rounded interspaces, also covered by rather coarse, 
laminated, and somewhat imbricated incremental lines. The radial 
ribbing on the posterior and anterior dorsal margins appears to have 
been somewhat spinose. Dimensions: Length about 43 millimeters; 
height 45 millimeters; diameter of one valve about 7 millimeters. 

Only one specimen of this species was found in the collection. 


CARDIUM (SERRIPES?) HAMILTONENSIS n. sp. 


Plate 18, figures 6, 7, and 10 


Type—Number 30405, University of California Museum of Paleon- 
tology Invertebrate Collection, University of California Locality 3855. 

Paratypes——Number 30391, University of California Museum of Pa- 
leontology Invertebrate Collection, University of California Locality 
3850; number 30392, University of California Museum of Paleontology 
Invertebrate Collection, University of California Locality 3850. 

Shell thin, variable in outline, moderately ventricose. On the speci- 
mens at hand the angle between the anterior and the posterior dorsal 
edges varies considerably. Surface sculptured with about 62 low, flat- 
topped radiating ribs, the interspaces between which might be described 
as deeply incised lines. Ribbing much narrower and finer on the poste- 
rior dorsal margin, obsolete just in front of the posterior dorsal edge. A 
portion of the hinge was exposed on the paratypes, showing a practi- 
cally obsolete posterior cardinal, a short but moderately heavy, grooved 
anterior cardinal on the left valve in close proximity to the anterior dorsal 
edge. Neither cardinals are well developed in the left valve. Because 
of these characters the species has been provisionally placed under the 


LITI—BvuLi. Soc. AM., VoL. 45, 1982. 
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subgenus Serripes. Dimensions of type: Length 39 millimeters; height 
about 30 millimeters. Dimensions of paratype: Length about 43+ milli- 
meters; height 37.5 millimeters; diameter of one valve about 9 milli- 
meters. 

Occurrence.—University of California Localities 3850 and 3855. 

S. hamiltonensis is apparently the first fossil species (providing the 
subgeneric determination is correct) of Serripes described from the 
Pacific Coast of North America. There are two recent species of Serripes 
living in the northern waters of the Pacifie Ocean: S. grénlandicus * 
Gmelin and S. laperousti Desh. 

S. hamiltonensis is very different in outline from either of the two 
species mentioned above. The radial ribbing is more prominent and 
finer. 

The question may be raised whether the type and the two paratypes 
figured do not present distinct species. At first the writer considered 
this to be the case. However, after studying all the material at hand, 
it was decided that the two forms represented extreme variants of the 


same species. 


Subgenus LAEVICARDIUM Swainson, 1840 
CARDIUM (LAEVICARDIUM) ALASKENSIS n. sp. 


Plate 18, figure 4 


Type.—Number 30389, University of California Museum of Paleon- 
tology Invertebrate Collection, University of California Locality 3868. 

Shell nearly equilateral; beaks central, fairly prominent and rather 
strongly inturned ; dorsal slopes steep and nearly equal, the anterior mar- 
gin being slightly the longest. Surface sculptured by numerous fine 
radiating ribs, the interspaces between which averages somewhat less 
than the width of the ribs; on the type, a left valve, there are about 70 of 
these ribs. Dimensions of type: Length 15.4 millimeters; height 15.3 
millimeters. 

The most distinguishing features of this species are its symmetry, 
its high prominent beaks, dorsal slope, and numerous fine radial ribs. 
It is about the same size as C. elatum Conrad,” which has a range on 


248. grénlandicus Gmelin. Syst. Nat., vol. 7, p. 3232; also see Reeve, Conchologia 
Iconica Mono of Cardium, vol. 2, 1843, pl. 10, fig. 53. 

258. laperousii Desh. Rev. Zool. Soc. Cuvierienne, p. 360; Guerin, Mag. de Zool. Moll., 
1841, pl. 48. 

26 Cardium (Laevicardium) substriatum Conrad. Jour. Acad. Nat. Sci. Philadelphia, 
vol. 7, 1837, p. 228, pl. 17. fig. 2. 
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DESCRIPTION OF SPECIES 815 


the Pacific Coast from San Pedro, California, to Acapuleo, Mexico; it 
differs from that species in having a more symmetrical outline and more 
prominent beaks. 
Family VENERIDAE 
Genus CHIONE Megerle, 1811 
CHIONE SECURIS subsp. ALASKENSIS n. subsp. 


Plate 18, figures 2 and 38 


Type—Number 30406, University of California Museum of Paleon- 
tology Invertebrate Collection, University of California Locality 3868, 

Shell subtrigonal in outline, beaks prominent. Posterior dorsal mar- 
gin flattened at approximately right angles to the main surface of the 
shell, but not separated from it by a well-defined line of angulation. 
Lunule depressed, large, heart-shaped, rather strongly pouting. Surface 
of shell sculptured by numerous low, flat, radiating ribs with narrow 
interspaces. This ribbing is obsolete on the depressed posterior dorsal 
margin, on the narrow area just anterior to this the ribbing is finer. 
In front of this is a zone of coarser radial ribbing, a little over half an 
inch across as measured along the ventral edge. Anterior to this second 
zone the ribbing again becomes finer, being very fine in the vicinity of 
the anterior end; surface crossed by concentric lamellae separated by 
fairly regular interspaces from the beaks to about two thirds the dis- 
tance to the ventral edge. Between this point and the ventral edge the 
lamellae become more closely crowded. Hinge plate not exposed. Dimen- 
sions of type specimen: Length 35 millimeters; height about 31 milli- 
meters; diameter of both valves 17 millimeters. 

Occurrence.—University of California Locality 3868. 

This form appears to be closely allied to the species Chione securis 
Shumard *7 common in the Pliocene of northern California and Oregon. 
It differs in having a broader anterior end; the lunule on the former 
is pouting but on the latter it is not. Taken as a whole the ribbing 
is finer and differs quite noticeably in the details of the fineness and 
coarseness. It is interesting to note that Chione securis is associated 
with a boreal fauna, as is also the fauna to which this species belongs. 


CHIONE cf. CRYPTOLINEATA Clark 


Chione cryptolineata Clark. University of California Publications, Bulletin of 
the Department of Geological Science, volume 11, number 2, 1918, page 
149, plate 5, figures 1-4. 


27 Chione securis Shumard. Trans. St. Louis Acad. Sci., vol. 1, no. 2, 1858, p. 122; 
also U. S. Geol. Surv. Prof. Pap. 59, 1909, p. 120, pl. 11, fig. 8. 
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An imperfect specimen (Number 31344, University of California Mu- 
seum of Paleontology Invertebrate Collection) of a Chione from Uni- 
versity of California Locality 3855. It is somewhat similar in outline 
and in ribbing to Chione cryptolineata Clark. The surface is covered 
by heavy lamellae with fine internal radiating ribs which are exposed only 
on the weathered surfaces. 


Genus MACROCALLISTA Meek, 1876 
MACROCALLISTA PITTSBURGENSIS Dall 
Plate 19, figures 1 and 2 


Meretria pittsburgensis Dall. Transactions of the Wagner Free Institute of 
Science, volume 3, part 5, 1900, plate 36, figure 22; plate 48, figure 15. 
Macrocallista pittsburgensis Dall. Transactions of the Wagner Free Institute 
of Science, volume 3, part 6, 1903, page 1253. 

Macrocallista pittsburgensis Dall. Weaver, University of Washington Publica- 
tions, Geology, volume 1, number 1, 1916, page 28. 

Macrocallista pittsburgensis Dall. Clark, University of California Publica- 
tions, Bulletin of the Department of Geological Science, volume 11, num- 
ber 2, 1918, page 146. 

Macrocallista pittsburgensis Dall. Clark, University of California Publica- 
tions, Bulletin of the Department of Geological Science, volume 15, num- 
ber 4, 1925, page 92, plate 18, figure 9; plate 19, figures 4, 5. 


Plesiotype.-—No. 31345, University of California Museum of Paleon- 
tology Invertebrate Collection, University of California Locality 3854. 

Several fairly well-preserved specimens of this species were found 
in University of California Locality 3854. Here it was found associated 
with Turritella ef. porterensis. Both of these species are common in the 
Lincoln horizon, Middle Oligocene of Oregon and Washington. It is 
found in the San Emigdeo and Pleito formations, Oligocene, to the 
south of the San Joaquin Valley, California, and in the upper Kreyen- 
haben shales, Oligocene, along the west side of the San Joaquin Valley. 


- MACROCALLISTA? REARENSIS n. sp. 
Plate 18, figure 1 


Type.—No. 30378, University of California Museum of Paleontology 
Invertebrate Collection, University of California Locality 3854. 

Shell heavy, beaks strongly inturned, prosogyrous; valves strongly 
ventricose; a somewhat obscured posterior umbonal ridge between the 
beaks and the posterior end, separating the main surface from the fairly 
broad, strongly depressed posterior dorsal margin. Lunule fairly broad, 
the same length as the anterior dorsal edge, separated from the main sur- 
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face of the shell by an incised line; surface covered by heavy irregular 
incremental lines; hinge plate not exposed. The type is the only speci- 
men found in the collections at hand. Dimensions: Length about 36+ 
millimeters to posterior end broken; height about 25 millimeters. 

This species is very distinct from all the described Recent or fossil 
species from the west coast of North America. The most distinguishing 
characters are the heavy shell, anterior strongly inturned beaks, and 
well-developed posterior umbonal ridge, together with the strongly de- 
pressed dorsal margins. 


PITARIA (KATHERINELLA) ARNOLDI (Weaver) 


Callocallista arnoldi Weaver. University of Washington Publications, Geology, 
volume 1, number 1, 1916, page 40, plate II, figure 13. 

Callocallista arnoldi Weaver. University of Washington Publications, Geol- 
ogy, volume 1, 1916, page 40-41, plate 2, figure 13. (Listed from the type 
Lincoln.) 

Marcia oregonensis Arnold and Ilannibal. Proceedings of the American Philo- 
sophical Society, volume 52, 1915, page 588. (Check list.) 

Not Marcia oregonensis Weaver. Washington Geological Survey Bulletin, 
1912, page 63, plate 12, figure 96. (This is Pitaria dalli, here listed from 
both Lincoln and Blakeley horizons, later (1916) described by Weaver 
from the type Lincoln.) 

Marcia oregonensis Weaver. University of Washington Publications, Geology, 
volume 1, 1916, page 28. (Check list.) 

Callocallista arnoldi Weaver. Van Winkle, University of Washington Pub- 
lications, Geology, volume 1, 1918, page 75 (in part). (The first recog- 
nition of the presence of the species in the Blakeley fauna.) 

Pitaria (Katherinella) arnoldi (Weaver) Tegland. University of California 
Publications, Bulletin of the Department of Geological Science, volume 
18, number 10, 1929, page 280, plate 23, figures 1-11. 


The specimens referable to this species in the Alaskan collections come 
from University of California Locality 3854, where they are associated 
with Macrocallista? rearensis, Macrocallista pittsburgensis Dall, Nucula 
yakatagensis n. sp., Venericardia yakatagensis, n. sp., Scaphander alasken- 
sis n. sp., and Turritella porterensis Weaver. In Washington P. arnoldt 
is most common in the Blakeley horizon. The type, however, came from 
beds of Lincoln age. 


Family TELLINIDAE 


Genus MACOMA Leach, 1819 
MACOMA cf. MIDDENDORFFII Dall 


Plate 16, figure 4 


Macoma middendorffii Dall. Proceedings of the United States National Mu- 
seum, volume 7, 1884, page 347 ; volume 9, 1886, page 308, plate 4, figure 11. 
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Specimen.—Number 12407, University of California Museum of Pa- 
leontology Invertebrate Collection, University of California Locality 
3850. 

All the specimens of this species were too poorly preserved to make 
certain of the specific determination. The form is very close in outline 
to the Recent species, M. middendorffit Dall. 


MACOMA cf. SECTA Conrad 
Plate 16, figures 2 and 3 


Tellina secta Conrad. Journal of the Philadelphia Academy of National 
Sciences, volume 7, 1837, page 257. Hanley, Thes. Conch., 1847, page 327, 
plate 65, figures 245, 248. 

Macoma secta Conrad. Carpenter, Report of the British Association, 1863, 
page 689. H. and A. Adams, Gen. Rec. Moll., ii, 1858, page 401—Tellina 

_ligamentina Desh. (fide Gabb, Paleontology of California, volume 2, 1869, 
page 93). Cooper, 7th Annual Report of the California State Min., 1888, 
page 249. Keep, West Coast Shells, 1892, page 191, figure 163. William- — 
son, Proceedings of the United States National Museum, volume. 15, 1892, 
page 185. 

Macoma (Rewxithaerus) secta Conrad, var. edulis (Nutt. MS.) Cpr., (fide — 
Dall, Transactions of the Wagner Institute of Science, volume 3, part 5, 
1900, page 1053). 

Macoma secta Conrad. Arnold, California Academy of Sciences, volume 3, 
1903, page 164, plate 16, figure 5. Arnold, United States Geological Sur- 
vey Bulletin 396, 1909, plate 20, figure 1. 


Specimens.—Number 30387, University of California Museum of Pa- 
leontology Invertebrate Collection, University of Collection Locality 
3854; Number 30386, University of California Museum of Paleontology 
Invertebrate Collection, University of California Locality 3861. 

An imperfect specimen of a species of Macoma was found in University 
of California Locality 3861. It apparently may be classed as belong- 
ing to the Macoma secta group, one of the most common and widespread 
Recent west coast Macomas. 


Genus TELLINA (Linnaeus) Lamarck, 1799 
TELLINA sp. 


Plate 15, figure 10 


Figured specimen.—Number 31351, University of California Museum 
of Paleontology Invertebrate Collection, University of California Locality 
3859. 

Two fairly perfect casts,of a species of Tellina were found in the col- 
lections from University of California Locality 3859. They appear to 
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be referable to the same species, though they differ somewhat in out- 
line. A portion of the shell shows fairly heavy, somewhat irregular 
lamellose, incremental lines; the pallial sinus is elongated, separated by 
a fairly wide angle from the pallial line. The form appears to be very 
distinct from anything fossil or Recent on the west coast of North 


America. 
Family PSAMMOBITDAE 


Genus HETERODONAX Morch, 1853 
HETERODONAX? sp. 


Plate 15, figures 6, 7 


Figured specimen.—N umber 30383, University of California Museum 
of Paleontology Invertebrate Collection, University of California Locality 
3850. 

Valves only slightly convex, apparently the left valve is more so than 
the right (this, however, as seen on the figured specimen, may be due to 
crushing) ; beaks rather inconspicuous. On the left valve between the 

. *beaks and the posterior end and bounding a slightly depressed posterior 

~ dorsal margin is a shallow but somewhat obscure groove or sinus; appar- 
ently there was no such groove on the corresponding margin of the right 
valve, but the margin is here depressed more strongly and separated from 
the main surface of the shell by an obscure angulation. Surface sculptured 
by numerous fine internal radiating ribs which are only visible on the 
weathered portion of the shell; surface also covered by irregular incre- 
mental lines. Ligamental groove fairly well developed about half the 
length of the posterior dorsal edge. Dimensions of figured specimen: 
Length about 30 millimeters; height 24 millimeters, 

This specimen is placed questionably under the genus Heterodonasr be- 
cause of its opisthogyrous posterior beaks and internal radiating sculptur- 
ing. The hinge plate is not exposed and the generic determination for 
that reason can only be provisional. This material is not well enough 
preserved to warrant giving it a specific name. 


Family MACTRIDAE 


Genus MACTRA Linnaeus, 1758 
MACTRA (MACTROTOMA) CALIFORNICA EQUILATERALIS, n. subsp. 


Plate 14, figure 8 
Type.—Number 30390, University of California Museum of Paleon- 


tololgy Invertebrate Collection, University of California Locality 3870. 
Shell thin, only moderately inflated. Beaks not inconspicuous, 
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strongly inturned and if at all only slightly prosogyrous. Dorsal mar- 
gins rather strongly depressed; on some of the specimens at hand there 
is a suggestion of an umbonal ridge between the beaks and the posterior 
end; this, however, is not distinguishable on the type. Surface smooth 
except for fairly heavy, somewhat irregular incremental lines; hinge 
plates not exposed. Dimensions of type: Length about 51 millimeters; 
height 29 millimeters. 
Occurrence.—University of California Localities 3870, 3850, and 3857. 
This form, because of its close similarities to Mactra californica, a 

Recent arctic and boreal species, is placed as a subspecies of the latter. 

The fossil material differs from the Recent species in being longer in 

proportion to the height, the beaks more central, and the anterior end 

more acute. 
Genus SPISULA Gray, 1838 
SPISULA RAMONENSIS Packard 
Plate 14, figures 1, 4, 5; plate 19, figure 3 

Spisula albaria ramonensis Packard. University of California Publications, 
Bulletin of the Department of Geology, volume 9, number 15, 1916, page 
291, plate 23, figure 5; plate 25, figures 1-2. 

Spisula ramonensis Packard. Clark, University of California Publications, 
Bulletin of the Department of Geology, volume 11, number 2, 1918, page 
158, plate 9, figures 4, 5. 

Spisula ramonensis var. attenuata Clark. University of California Publica- 
tions, Bulletin of the Department of Geology, volume 11, number 2, 1918, 
plate 9, figure 6. 


Plesiotype—Number 32301, University of California Museum of Pa- 
leontology Invertebrate Collection, University of California Locality 
3850; Number 30404, University of California Museum of Paleontology 
Invertebrate Collection, University of California Locality 3850; Num- 
ber 30394, University of California Museum of Paleontology Inverte- 
brate Collection, University of California Locality 3861; Number 32302, 
University of California Museum of Paleontology Invertebrate Collec- 
tion, University of California Locality 3850. 

Several specimens determined as S. ramonensis Packard came from 
University of California Locality 3850. While all of these are somewhat 
smaller than the type of that species, in other respects they agree with it. 
S. ramonensis was described from the San Ramon formation of the San 
Lorenzo series of middle California, which has been correlated by the 
writer with the Blakeley formation, Upper Oligocene of Washington. 


28 Mactra californica Conrad. Jour. Acad. Nat. Sci. Philadelphia, vol. 7, 1837, p. 
340, pl. 18, fig. 12. 
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The writer described a variety of this species giving it the name at- 
tenuata (see reference above). It was pointed out that it occurred with 
the typical form which Packard had described as a variety of Spisula 
albaria Conrad (plate 13, figure 5). 


Genus SCHIZOTHAERUS Conrad, 1853 
SCHIZOTHAERUS NUTTALLII Conrad n. subsp.? 


Plate 15, figures 1 and 4 


Plesiotype-—Number 30380, University of California Museum of Pa- 
leontology Invertebrate Collection, University of California Locality 
3870. 

A number of fairly well-preserved specimens referable to the genus 
Schizothaerus were found in the Alaskan Oligocene collection. The 
specimen here figured almost comes within the range of variation of the 
Recent species, Schizothaerus nuttallii Conrad,?® which is a very variable 
species and ranges from Alaska to as far south as San Francisco Bay. 

More and better-preserved material of the fossil form very probably 
will show it to be a distinct species. 


SCHIZOTHAERUS? TRAPEZOIDES n. sp. 


Plate 15, figure 9 


Type-——Number 30374, University of California Museum of Paleon- 
tology Invertebrate Collection, University of California Locality 3850. 

Shell small for this genus. Surface moderately ventricose, smooth 
except for heavy incremental lines. Hinge plate not exposed. Dimen- 
sions of type specimen: Length 35 millimeters; height 26 millimeters; 
diameter of both valves 13.5 millimeters. Schizothaerus trapezoides is 
represented by two specimens in our collections from University of Cali- 
fornia Locality 3850. 

The species has been referred questionably to the genus Schizothaerus. 
The external characters of the dorsal margins show that it unquestionably 
belongs to the family Mactridae. It is very different in outline from 
the most common Recent species of that genus on the West Coast, S. 
nuttallu.®° The outline of the anterior end of S. trapezoides resembles 
S. pajoroanus Conrad,*" a species described from the Pliocene of middle 
California. The latter species does not have the well-defined truncated 
posterior end, and the ventral edge is much more strongly arcuate. 


2° Schizothaerus nuttallii Conrad. Jour. Acad. Nat. Sci. Philadelphia, vol. 7, 1837, 
p. 235, pl. 18, fig. 1. 

© §. nuttallii Conrad. Jour. Acad. Nat. Sci. Philadelphia, vol. 7, 1837, p. 235, pl. 18, 
fig. 1. 

318. pajoroanus Conrad. Pac. R. R. Rept., vol. 7, 1857, p. 192, pl. 4, figs. 1, 2, de- 
scribed as Venus. 
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Family MYACIDAE 


Genus MYA (Linnaeus) Lamarck, 1799 
MYA SALMONENSIS n. sp. 


Plate 17, figures 5, 4 and 8 


Type.—Number 30397, University of California Museum of Paleon- 
tology Invertebrate Collection, University of California Locality 3851. 

Paratype-—Number 30396, University of California Museum of Pa- 
leontology Invertebrate Collection, University of California Locality 
3851. 

Shell variable, elongate, ovate to subquadrate in outline, beaks promi- 
nent, strongly inturned, only slightly prosogyrous. Surface strongly ex- 
cavated just anterior to the beaks, the convexity of the shell increasing 
very noticeably just posterior to this excavation, forming a rounded, 
somewhat indistinct umbonal ridge which may be traced anteriorly from 
the beaks for about one third the distance to the anterior end. Surface 
smooth except for fairly heavy, somewhat irregular lines of growth. 
Dimensions of type: Length about 56 millimeters; height 32 millimeters ; 
greatest diameter of both valves about 32 millimeters. 

Mya salmonensis in general characters resembles M. arenaria Linn.** 
The following are some of the most important differences between the two. 
The beaks of the former are more prominent and more anterior, and it 
has an oblique truncated end, while on the latter this end is acutely 
rounded, and there are radial internal lines which are absent on the for- 
mer. It is probable that even more marked differences will be found 
between these two species when the hinge plate of M. solmonensis be- 
comes known. 

MYA TRUNCATA Linnaeus n. subsp.? 
Plate 17, figure 5 
Mya truncata Linnaeus. Syst. Nat., edition 10, 1758, pages 670; Binney’s Gould's 
Inv. Mass., 1870, page 58, figure 376. 
Mya truncata Linnaeus. Oldroyd, Stanford University Publications, Univer- 
sity. Series Geological Science, volume 1, number 1, 1924, page 197, plate 
10, figure 4. 

Plesiotype-—Number 30379, University of California Museum of Pa- 
leontology Invertebrate Collection, University of California Locality 3868. 

Beaks inconspicuous, prosogyrous, Chondrophore of the left valve very 
similar to that of Mya truncata Linn. An anterior ridge bounding the 


22 Y. arenaria Linnaeus. Syst. Nat., ed. 10, 1758, p. 670; also Binney’s Gould's Inv. 
Mass., 1870, p. 55, fig. 375. 
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resilifer and two posterior ridges, the anterior of which is much less well 
developed. Dimensions of Plesiotype: Length about 36 millimeters; 
height 28 millimeters. 

This form differs from the typical M. truncata in that the beaks are 
more anterior ; it is higher in proportion to its length; the posterior dorsal 
edge slopes away from the beaks more steeply. 

It is very probable that this form should be recognized as a distinct sub- 
species. The writer, however, does not have enough material to warrant 
giving it a name. Only one well-preserved specimen was found in the 
collections. 

Family SAXICAVIDAE 


Genus PANOMYA (Gray) Adams, 1858 
PANOMYA n. sp.? 


Plate 17, figure 7 


Figured specimen.—Number 30401, University of California Museum 
of Paleontology Invertebrate Collection, University of California Lo- 
cality 3858. 

Shell subquadrate in outline, beaks strongly inturned, only slightly 
prosogyrous. On the type the posterior and anterior dorsal margins are 
at right angles to a vertical line between the beaks and the ventral edge, 
forming almost a straight line. Two broad, fairly well-defined umbonal 
ridges lie between the beaks and the ventral edge, separated by a broad 
shallow depression or sinus. Surface covered by broad somewhat irre- 
gular undulations. Dimensions of figured specimen: Length 37 milli- 
meters; height 24 millimeters. This form differs considerably in out- 
line from P. turgida found at the same locality. However, it may pos- 
sibly be an immature crushed specimen of that species. 


PANOMYA (ARCTICA) TURGIDA Dall 
Plate 17, figures 6 and 9 


Proceedings of the United States National Museum, volume 52, 1917, page 416. 


Plesiotypes.—Number 30398, University of California Museum of Pa- 
leontology Invertebrate Collection, University of California Locality 
3864; number 31347, University of California Museum of Paleontology 
Invertebrate Collection, University of California Locality 3858. 

Originally the writer considered the specimens here figured to be a 
new species, but upon comparing them with recent material at the United 
States National Museum, he found that they come within the range of 
variation of the Recent species, Panomya turgida Dall, which is now liv- 
ing off the coast of Alaska. 
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Genus SAXICAVA Fleuriau, 1802 
SAXICAVA PHOLADIS Linnaeus 


Plate 18, figure 9 


Saxricava pholadis Linnaeus. Mantissa, volume 2, 1771, page 548. Sars, Moll. 


Reg. Arct. Norv., 1878, plate 20, figures 7 a-b. Arctic Ocean to Panama. 


Plesiotype-—Number 30395, University of California Museum of Pa- 
leontology Invertebrate Collection, University of California Locality 
3850. 

This is one of the very few species in the Alaska Oligocene which can 
be definitely placed as a Recent species. At the present time S. pholadis 
is cireumboreal and ranges from the Pacific Coast to the Isthmus of 
Panama. The species, being a nestler, takes on almost any shape. This, 
together with the fact that the hinge plate is edentulous and without dis- 
tinctive sculpturing, makes it difficult to differentiate any sound specific 
characters. 

Class GASTROPODA 
Family EPITONIIDAE 


Genus EPITONIUM Bolton, 1798 
EPITONIUM (BOREOSCALA) cf. GROENLANDICA Chem. 

Turbo (Clathrus) groenlandicus Chemnitz. Conch. Cab., volume 11, 1795, 
pages 155 to 195, plate 195 a, figures 1878-79. 

Scalaria groenlandica Chemnitz. Wood, Crag. Moll., part i, 1848, page 90, plate 
8, figure 11b. 

Scalaria groenlandica Chemnitz. Sars, Moll. Reg. Arct. Norv., 1878, pages 
194, 359, plate 10, figure 15. 


An imperfect specimen of Lpitonium (Arctoscala) was found in the 
collection from University of California Locality 3850. Another speci- 
men, possibly the same species, is from University of California Locality 
3854. The shell of both these specimens is apparently much larger and 
heavier than the Recent or Pliocene specimen of the species to which 
it is doubtfully referred. The nearest fossil species of the Tertiary of 
western North America is H. (Arctoscala) condoni Dall.** 

The Alaskan specimens apparently differ from this species in that 
the spiral ribs and the varices are heavier; also it lacks the sutural calosi- 
ties characteristic of E. condoni. 


33 W. H. Dall: The Miocene of Astoria and Coos Bay, Oregon. U.S. Geol. Surv. Prof. 
Pap. 59, 1909, p. 53, pl. 3, figs. 1-12. 
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Family NATICIDAE 


Genus NATICA SCOPOLI, 1777 
NATICA (CRYPTONATICA) n. sp. 


Plate 20, figures 6 and 7 


Figured specimen.—Number 31359, University of California Museum 
of Paleontology Invertebrate Collection, University of California Lo- 
cality 3850. 

Shell higher than width of body whorl. Number of whorls four; 
apex blunt; sutures appressed, a distinct shoulder formed on the weath- 
ered specimens; aperture subovate; a fairly heavy semicircular callus 
covering the umbilicus. The callus extends as a thin wash as far as the 
posterior angle of the aperture. Surface of shell smooth. Dimensions 
of type: Height (apical whorls broken off) about 22 millimeters; 18.5 
millimeters. 

The species belongs to the same general group as Natica clausa Broderip 
and Sowerby,** Natica consors Dall,** and Natica affinis Geml.** Of the 
three it resembles Natica affinis more closely in general proportion; it 
may be distinguished from that species by its somewhat higher spire, 
blunter apex, and apparently somewhat more strongly oppressed suture. 
Not enough well-preserved material of this species was found in the col- 
lection to warrant giving the form a specific name. 


Genus POLINICES Montfort, 1810 
POLINICES (EUSPIRA) cf. GALIANOI Dall 
Polinices (Euspira) galianoi Dall. United States Geological Survey Paper 59, 
1909, page 88, plate 5, figures 12, 13. 


A number of specimens of a species of Huspira are in the collections 
from University of California Localities 3859, 3869, 3868, and 3858. 

The callus of the inner lip is not preserved. Many of these specimens 
have an outline similar to that of P. galianoi Dall and are compared with 
that species. The material is too poor for certain specific identification. 


*% Natica (Cryptonatica) clausa Broderip and Sowerby. Zool. Jour., vol. 4, 1829, p. 
372. Tryon. Man. Conch., vol. 8, 1886, pl. 9, fig. 65. Bull. 112, U. S. Nat. Mus., 1931, 


p. 163, pl. 14, fig. 11. 
% Natica consors Dall. U.S. Geol. Surv. Prof. Pap. 59, 1909, p. 86, pl. 5, fig. 10; pl. 


6, fig. 9. 
36 Natica afinis Gmelin. Syst. Nat., 1792, Ed. 13, p. 3675. Sars. Moll. Reg. Arct. 


Norv., 1878, pp. 160, 358, pl. 21, fig. 14. 
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POLINICES (EUSPIRA) RAMONENSIS Clark 
Plate 20, figures 4, 5, 8 and 9 
Natica (Euspira) ramonensis Clark. University of California Publications, 
Bulletin of the Department of Geology, volume 11, number 2, 1918, page 
166, plate 19, figure 16. 

Plesiotypes.—N umber 12381, University of California Museum of Pa- 
leontology Invertebrate Collection, University of California Locality 
3854; number 12396, University of California Museum of Paleontology 
Invertebrate Collection, University of California Locality 3854; number 
12384, University of California Museum of Paleontology Invertebrate 
Collection, University of California Locality 3854. 

The type of Polinices ramonensis came from the San Ramon formation ; 
the Agasoma gravidum zone, Upper Oligocene of California. 

Specimens referred to this species were found at the two Alaskan 
localities, University of California Localities 3684 and. 3868. 


Family TROCHIDAE 
Genus TURCICULA 
TURCICULA TURBONATA pn. sp. 
Plate 20, figure 11 


Type-—Number 32420, University of California Museum of Paleon- 
tology Invertebrate Collection, University of California Locality 3857. 

Shell pearly, fairly heavy, broadly conical to subturbonate, consider- 
ably wider than high; number of whorls six or seven; apex broken on all 
specimens at hand; sutures impressed channeled. Sides of whorls flat, 
giving the appearance to the shell of a broad, flat-sided cone. Surface 
smooth except for an almost obsolete spiral rib situated a little below 
the middle of the penultimate and body whorl. Base of body whorl only 
‘gently convex, separated from the sides by a well-defined angulation. 
Surface of the base scultpured by several fairly heavy spiral ribs; this 
ribbing is very imperfectly preserved on the specimens at hand. Aper- 
ture subquadrate in outline; a slightly depressed umbilical area covered 
by a heavy callus. Dimensions of the type specimen (apex broken) : 
Height about 37 millimeters ; greatest width of body whorl 58 millimeters. 
Another specimen from the same locality had a diameter of 82+ milli- 
meters, with a height of about 55 millimeters. 

The species is undoubtedly closely related to Turcicula washingtoniana 
Dall.*? It has the same general pattern in the spiral ribbing and approxi- 
mately the same apical angle. 


77. washingtoniana Dall. U. S. Geol. Surv. Prof. Pap. 59, 1909, p. 99, pl. 17, figs. 
1, 2; pl. 38, ae. 4. 
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On T. washingtoniana the spiral ribbing is well developed and stands 
out very prominently; on 7. turbonata, this spiral ribbing is almost obso- 
lete. J. turbonata was subsequently found in the Arnold-Hannibal Col- 
lection of the Geology Department, Leland Stanford Junior University, 
from Twin River, Washington. Here it is associated with a typical Acila 
gettysburgensis fauna, including such species as A. gettysburgensis Rea- 
gan, Leda newcombei Anderson and Martin, and Turris clallamensis 
Weaver. 

Family TURRITELLIDAE 
Genus TURRITELLA LAMARCK, 1799 
TURRITELLA HAMILTONENSIS n. sp. 

Plate 21, figures 13 and 14 

Type.-—Number 30281, University of California Museum of Paleon- 
tology Invertebrate Collection, University of California Locality 3850; 
cotype number 30280, University of California Museum of Paleontology 
Invertebrate Collection, University of California Locality 3850. 

Shell fairly heavy, sides of whorls nearly flat, ornamented by heavy 
rounded spiral ribs. Four spiral ribs on the anterior whorls of the spire 
with interspaces varying considerably in width; on the type and cotype 
the anterior interspace is wider than the posterior. A well-marked sutural 
groove is formed by the inward slope of the surface from the anterior rib 
to the suture. On some of the specimens (not on the type or cotype) 
a fifth rib is exposed at the suture. This rib forms the basal angulation 
on the body whorl, the base of which is nearly flat and at approximately 
right angles to the sides. There are at least two, possibly three spiral 
ribs on the base. Aperture subquadrate. Dimensions of type, apex and 
base broken, height 41 millimeters; greatest width of body whorl about 
11 millimeters. 

Turritella hamiltonensis resembles rather closely 7. diversilineata Mer- 
riam,** a very common species in the Blakeley formation (Upper Oligo- 
cene) Washington. The principal differences are that the ribbing on the 
former is very much heavier than on the latter and there are usually less, 
that is four ribs. The growth lines of the two species are considerably 
different. 

TURRITELLA n. sp. 
Plate 21, figure 8 

Figured specimen.—Number 31360, University of California Museum 
of Paleontology Invertebrate Collection, University of California Locality 
3871. 


3% J, C. Merriam. Nautilus, vol. 11, 1897, p. 65. Clark, Univ. Calif. Publ. Dept. 
Geol., vol. 11, no. 2, p. 170, pl. 22, fig. 5, 1918. 
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Shell large, fairly heavy, whorls regularly convex, sutures depressed, 
Surface of whorls covered by seven or eight rounded narrow ribs with 
interspaces averaging somewhat wider than the width of ribs. 

This species is found associated with Turritella diversilineata var. 
hamiltonensis, from which it may be distinguished by its greater apical 
angle, greater number of spiral ribs, and the lack of a distinct sutural 
groove. The material is not well enough preserved to warrant giving 
it a specific name. 


TURRITELLA cf. PORTERENSIS Weaver 
Plate 21, figures 10 and 16 


Turritella porterensis Weaver. Washington State Geological Survey Bulletin 
15, 1912, page 73, plate 11, figures 83 and 84. 

Turritella porterensis Weaver. University of Washington Publications, 
Geology, volume 1, number 1, 1916, pages 5-30; California Academy of Sci- 
ences, series 4, volume 6, number 2, 1916, pages 28-40. 

Turritella porterensis Weaver. Clark, University of California Publications, 
Bulletin of the Department of Geology, volume 11, number 2, 1918, page 
171. 

Figured specimens.—Number 31361, University of California Museum 
of Paleontology Invertebrate Collection, University of California Locality 
3868; number 31440, University of California Museum of Paleontology 
Invertebrate Collection, University of California Locality 3858. 

This species is very common in the Lincoln horizon, Lower Oligocene 
of Washington. One of its varieties is found in the San Ramon forma- 
tion of middle California. 

All the specimens found in the Alaska material referred to T. porteren- 
sis were imperfect. This form, if not identical with the Washington spe- 
cies, is certainly very closely related to it. 


Family CASSIDIDAE 
Genus GALEODEA Link, 1870 
GALEODEA APTA Tegland 
Plate 21, figures 1, 2, 3, 9, and 15 


Eudolium petrosum. United States Geological Survey Professional Paper 59, 


1909, page 71, plate 14, figure 6. 
Trachydolium dalli Howe nomen nudum. Pan American Geology, volume 45, 
number 4, 1926, page 305. Homonym of Galeodea dalli Dickerson. 
Galeodea apta Tegland. University of California Publications, Bulletin of 
the Department of Geological Sciences, volume 19, number 18, 1931, pages 


415, 416, and 417, plate 63, figures 1 to 10. 


Plesiotypes.—Number 12404, University of California Museum of Pa- 
leontology Invertebrate Collection, University of California Locality 
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3871; number 12405, University of California Museum of Paleontology 
Invertebrate Collection, University of California Locality 3871; number 
12392, University of California Museum of Paleontology Invertebrate 
Collection, University of California Locality 3850; number 12383, Uni- 
versity of California Museum of Paleontology Invertebrate Collection, 
University of California Locality 3860. . 

Doctor Tegland, in her paper entitled “The Gastropod Genus Galeodea 
in the Oligocene of Washington,” gave a very complete description of 
(i, apta (see reference above). She figured nine specimens, all of which 
came from the Twin River shales on the straits of Juan de Fuca, Wash- 
ington, which deposits she referred to the Upper Oligocene. Her descrip- 
tion was based upon a study of about 75 specimens. The nine speci- 
mens figured represented the most important variants in the series. The 
individual variation of the species was considerable, varying from forms 
like the type, with a well-defined shoulder on the body and penultimate 
whorls on which are well-developed nodes, to forms on which there are 
no shoulders and the noding is obsolete or nearly so. 

In the material from Alaska a number of the specimens are practically 
identical with certain of the variants of G. apta from the type locality. 
One of these is shown on plate 8, figures 4 and 7. Figure 2 on the 
same plate is an immature individual which belongs to the same variant. 
This variant most nearly resembles that shown on plate 63, figure 5 of Teg- 
land’s paper. On the other hand the specimen shown in plate 20, figure 
15, of this paper most nearly resembles Tegland’s holotype, plate 63, 
figure 1. 

The following is Tegland’s general description of the species: 


“Shell large, thin, with rounded whorls; spire moderately high; early whorls 
of spire more tabulate in appearance than later ones of which the shoulder is 
convex, suture appressed, crenulate on the second row of nodes; body whorl 
ornamented by flattened spiral ribs less heavy than on Galeodea rez, inter- 
lineations present, with a tendency toward increase in number of spirals due 
to intercalaries taking on prominence; nodes, if present on shoulder angle, 
number between fourteen and twenty-three; usually about five spirals on the 
shoulder. Anterior sulcus pronounced and bordered anteriorly by a sharp 
keel. Aperture elongate-ovate ; outer lip reflected, inner lip covered by a thin 
callus; columella with length almost equaling height of body whorl, twisted 
and coated on the apertural side by a heavy callus; canal sharply reflected 
at the tip.” 


LIV—BULL. GEou. Soc. AM., VoL. 43, 1932. 
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Family CYMATIIDAE 


Genus ARGOBUCCINUM Morch, 1852 
ARGOBUCCINUM sp.? 


A couple of imperfect specimens of a species of Argobuccinum were 
found in the collections from University of California Locality 3870. 
Enough of the aperture and of the ribbing is preserved to show that they 
belong to the genus Argobuccinum. They apparently represent a spe- 
cies closely related to Argobuccinum oregonensts Redfield,®® a recent spe- 
cies that is found along the west coast of North America from Bering Sea 
near the Pribilof Islands to San Nicolas Island off the coast of California. 
It is also found in the Western Pacific as far south. as Japan. When 
better material of this form is discovered, it will probably be found to 
represent a new species. 


Family NEPTUNEIDAE 
Genus NEPTUNEA Bolton, 1798 
NEPTUNEA aff. TABULATUS Baird 
Plate 20, figure 138 


Figured specimen.—Number 12406, University of California Museum 
of Paleontology Invertebrate Collection, University of California Local- 
ity 3870. 

Shell large, heavy, spire high. Each whorl with a wide tabulation 
which is separated from the suture by a fairly wide sutural band or col- 
lar. The tabulated area slopes up gently to the sutural band and is sepa- 
rated from the anterior part of the whorl by a heavy ridge or shoulder. 
The whorl anterior to this ridge is only very gently convex. Apex and 
anterior part of the body whorl broken. One of the specimens show that 
the inner lip was covered by a fairly heavy callus. Surface of shell cov- 
ered by numerous spiral lines. Some of these spiral lines are much 
heavier than others and some are very much finer. There does not 
seem to be any regularity in the distribution of the heavy and the fine 
lines. 

Occurrence.—University of California Localities 3870, 3871. 

This species, figured here as N. aff. tabulatus, belongs to what might 
be called the Neptunea tabulatus group. It undoubtedly represents a 
new species though the writer has deferred naming it because of the 
poor material at hand. In sculpturing and general outline it resembles 


3° Argobuccinum oregonensis Redfield. Ann. Lyc. Nat. Hist. New York, vol. 4, 1848, 
pl. 11, fig. 2. 
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N. tabulatus var. colmanensis Martin,*® a common variety in the Pliocene 
of California, from which it differs in having a higher spire, a much 
more prominent sutural collar and the heavy ridge on the shoulder of the 
whorl as described above. 


Genus COLUS Bolten, 1798 
COLUS REARENSIS n. sp. 


Plate 20, figures 14 and 15 


Type-—Number 12402, University of California Museum of Paleon- 
tology Invertebrate Collection, University of California Locality 3868. 

Paratype-—Number 12401, University of California Museum of Pa- 
leontology Invertebrate Collection, University of California Locality 
3868. 

Shell with six or seven rather strongly convex whorls; sutures ap- 
pressed to slightly channeled: surface sculptured by heavy squarish spiral 
ribbing with fairly deep interspaces which average nearly twice the width 
of the ribs; three of these spiral ribs on the penultimate whorl with a 
fairly prominent collar; five or six major spiral ribs on the main part 
of the body whorl; anterior to this and covering the posterior part to 
the canal are a number (six or seven visible on type) of finer spiral ribs. 
(anal rather short, anterior end broken on type; inner lip callused, 
Dimensions of type (an imperfect specimen): Length 51 millimeters; 
height of body whorl, anterior end of canal broken, 29 millimeters; great- 
est diameter of body whorl about 24 millimeters. 

This species belongs to the same group and is closely related to Colus 
periscelidus Dall,** a species living off the coast of Alaska, from which 
it differs in the following respects: the apical angle is not so acute, there 
isa more prominent sutural collar and a less number of spiral ribs on 
the whorls of the spire. 


Family VOLUTIDAE 


Genus PSEPHAEA Crosse, 1871 
PSEPHAEA CORRUGATA n. sp. 


Plate 21, figures 4, 5, and 11 


Type-—Number 12398, University of California Museum of Paleon- 
tology Invertebrate Collection, University of California Locality 3850. 


“ Chrysodomus tabulatus var. colmanensis Martin. Univ. California Publ., Bull. Dept. 
Geol., vol. 8, no. 7, 1914, p. 188, pl. 20, fig. 1. 
“W. H. Dall. Proce. U. 8. Nat. Mus., vol. 14, 1891, p. 187; vol. 17, 1894, pl. 27, fig. G. 
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Paratype-—Number 12399, University of California Museum of Pa- 
leontology Invertebrate Collection, University of California Locality 
3871. 

Shell thin, sutures appressed, body whorl just in front of suture sub- 
tabulate. Surface sculptured by 15 heavy, prominent, rounded, longi- 
tudinal ribs which cross from suture to suture on whorls of the spire 
and extend well down upon canal of body whorl. Interspaces between 
longitudinal ribs somewhat less than the width of ribs. Surface also 
covered by numerous fine threadlike ribs. Aperture narrow, elongate, 
ovate; canal short, straight. Dimensions of type (apex and anterior end 
of the canal broken) : Length of penultimate whorl about 16 millimeters ; 
length of body whorl 37 millimeters; greatest width of body whorl about 
20 millimeters. 

This species resembles Psephaea indurata Conrad ** (the type of which 
comes from the Middle Miocene of Oregon, the Astoria formation) in 
outline, in the type of longitudinal ribbing and in the tabulate body 
whorl. The specimen shown in Dall’s figure 6 represents a new species 
in the upper Oligocene Blakeley horizon of Washington. 

The Blakeley species shows a fine spiral ribbing not found on Psephaea 
corrugata, also the latter form has a more strongly tabulated shoulder; 
it appears to be more closely related to P. indurata, the characteristic spe- 
cies of the middle Miocene of Oregon, than to the Blakeley form. 


Family CANCELLARIIDAE 


Genus CANCELLARIA Lamarck, 1799 
Subgenus PROGABBI Dall, 1918 
Section CRAWFORDIANA Dall, 1919 
CANCELLARIA (PROGABBI) ALASKENSIS n. sp. 


Plate 20, figures 10, 12, 16, and 17 


Type.—Number 12395, University of California Museum of Paleon- 
tology Invertebrate Collection, University of California Locality 3868. 

Paratypes—Number 31353, University of California Museum of Pa- 
leontology Invertebrate Collection, University of California Locality 
3868; number 31354, University of California Museum of Paleontology 
Invertebrate Collection, University of California Locality 3868. 

Shell fusiform, spire fairly high; number of whorls six or seven. 
Sutures rather strongly depressed. Surface of shell sculptured by about 
18 narrow, rounded, longitudinal ribs separated by interspaces averaging 


42 Rostellaria indurata Conrad. U. S. Explor. Exped. Geol. 1849, p. 727, figured in 
Atlas. Refigured by Dall as Miopleiona indurata in U. S. Geol. Surv. Prof. Pap. 59, 1909, 
p. 935, pl. 18, fig. 5, not fig. 6. 


abc 
les: 
the 
: abo 
ova 
of 
me: 
( 
ful 
the 
acte 
sub 
of 
385 
Inve 
brat 
the 
the 
men 
of tl 
of 
spire 
coars 
Cane 
An 
breac 
TI 
very 
: p. 433 
“Fi 
vol. 14 


l- 


DESCRIPTIONS OF SPECIES 833 


about twice as wide as the ribs. Surface also covered by fine, somewhat 
less prominent spiral ribbing with interspaces considerably wider than 
the ribs; on the penultimate whorl there are seven major spiral ribs and 
about 17 or 18 on the body whorl apparently between each rib; at least 
on part of the body whorl there was a spiral riblet. Aperture-elongate 
ovate, canal short straight. Columellar folds rather faint. Dimensions 
of type specimen: Height 23 millimeters; height of body whorl 14 milli- 
meters ; greatest width of body whorl 12.5 millimeters. 

C. alaskensts appears to be closely related to C. crawfordiana Dall var. 
fulgert Arnold.** It is very similar in outline and in the character of 
the ribbing. On C. alaskensis there is a less number of longitudinal ribs, 
23 on C. c. fulgeri, 17 or 18 on the former. The most important char- 
acter that distinguishes C. alaskensis from C. fulgeri is the more depressed 
subtabulate suture. 


Family FASCIOLARIIDAE 
Genus FUSINUS Rafinesque, 1815 
FUSINUS cf. HANNIBALI Clark and Arnold 
Plate 20, figures 1, 2, and 3 


Figured specimens.—Numbers 31356, University of California Museum 
of Paleontology Invertebrate Collection, University of California Locality 
3850; number 31357, University of California Museum of Paleontology 
Invertebrate Collection, University of California Locality 3868; num- 
ber 31358, University of California Museum of Paleontology Inverte- 
brate Collection, University of California Locality 3868. 

Shell thin, six or seven whorls, which are rather strongly convex; on 
the whorls of the spire the greatest amount of convexity is posterior to 
the middle of the whorl. Sutures slightly appressed. Whorls orna- 
mented by about fourteen rounded longitudinal ribs which on the whorls 
of the spire reach from suture to suture and cover about half the length 
of the body whorl. Surface of shell also covered by numerous fine 
spiral ribs; anteriorly on the body whorl these alternate, a fine and a 
coarser rib; posteriorly, however, they are of about the same coarseness. 
Canal moderately long, slightly reflexed. Dimensions of specimen 31356: 
An imperfect specimen, length 39 millimeters; apical whorls broken, 
breadth of body whorl about 12 millimeters. 

The species of Fusinus from Alaska figured in this paper approaches 
very closely Fusinus hannibali Clark and Arnold,** the most distinctive 


48.C. crawfordiana Dall. var. fulgeri. Arnold. Smithman Mise. Coll., vol. 50, 1908. 
p. 433, pl. 54, figs. 9 and 19. 

“4 Fusinus hannibali Clark and Arnold. Univ. California Publ., Bull. Dept. Geol. Sci., 
vol. 14, no. 5, 1923, p. 158, pl. 30, figs. 1a, 1b, and 2. 
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difference between the two being the lack in the Alaska material of the 
well-defined sutural collar which is well developed on F. hannibali and 
a number of other closely allied species. It is possible that the lack of 
a collar on the Alaska material is the result of weathering. 


Family SCAPHAN DRIDAE 


Genus SCAPHANDER Montfort, 1810 
SCAPHANDER ALASKENSIS n. sp. 


Plate 21, figures 6 and 7 


Type.—Number 12382, University of California Museum of Paleon- 
tology Invertebrate Collection, University of California Locality 3854. 

Shell very large for the genus, broad anteriorly, attenuate posteriorly ; 
whorl! broadly and gently convex. Surface sculptured by numerous fine 
spiral riblets which are arranged in pairs, a narrow and a wide interspace 
alternating. Aperture very narrow posteriorly, broadly rounded in front. 
Outer lip thin; inner lip covered with a fairly heavy callus, anteriorly. 
Dimensions of type: Height 37 millimeters; greatest width of body whorl 
24 millimeters. 

Occurrence.—University of California Locality 3854. 

S. alaskensis attained a size considerably larger than the type; a broken 
specimen from the same locality has a diameter of 40 millimeters. The 
shell must have been 80 to 90 millimeters in diameter. The species at- 
tained the largest size of any belonging to this genus described from the 
west coast, either fossil or Recent. 


Family AKERIDAE 


Genus HAMINOEA Turton, 1830 
HAMINOEA n. sp.? 


Plate 21, figure 12 


Figured specimen.—Number 12397, University of California Museum 
of Paleontology Invertebrate Collection, University of California Local- 
ity 3850. 

Shell broadly subovate in outline, rather strongly convex, the line of 
convexity being a little below the middle of the whorl posteriorly ; just 
below the suture line sides of whorl flattened, even slightly concave ; sur- 
face smooth. Spire submerged. Posterior end of outer lip extends only 
slightly beyond the rest of the whorl; apparently a thin callus on the 
anterior concave portion of the inner lip. Dimensions: Height 20 milli- 
meters; greatest width of body whorl about 16 millimeters, 
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Class CEPHALOPODA 
Family CLYDONAUTILIDAE 


Genus ATURIA Bronn 1838 
ATURIA ANGUSTATA (Conrad) ALASKENSIS Schenck 


Plate 16, figures 5 and 6 


Aturia angustata Conrad alaskensis Schenck. University of California Pub- 
lications, Bulletin of the Department of Geological Sciences, volume 19, 
number 19, 1981, page 463, plate 71, figures 4-12. 


Type-——Number 31362, University of California Museum of Paleon- 
tology Invertebrate Collection, University of California Locality 3871. 

Shell thin, fairly large, compressed and narrowly rounded; ventrally 
imperforate. The suture crosses the venter with a slight bow to the inte- 
rior. Joining this broad ventral saddle is a fairly broad shallow lobe; 
following this is a well-defined narrower, low, but regularly rounded 
saddle, next to which is the main lateral lobe which is so typical of this 
genus. The lobes of this series are long and acute, one telescoping into 
the other; between the lobe and the dorsum the suture is broadly and 
gently arched. Dimensions of type: Greatest breadth 95 millimeters ; 
diameter of body whorl about 23 millimeters; one of the specimens of this 
species from University of California Locality 3857 has a maximum 
breadth of fully 160 millimeterss. 

Occurrence.—University of California Localities 3871 and 3857. 

The genus Aturia is known to be represented in the Tertiary from the 
Lower Eocene to and in the Lower Miocene. The species Aturia angus- 
tata Conrad is the only species described from beds above the Eocene on 
the west coast. 

H. G. Schenck considered that the species Aturta angustata Conrad 
has a range from Middle Miocene to Middle Oligocene. In his paper 
entitled “Cephalopods of the Genus Aturia from Western North Amer- 
ica” (see reference above) he described two new subspecies with the spe- 
cies. One of these, the subspecies alaskensis, was the same specimen 
figured here, the other subspecies, grandior, came from the Middle Oligo- 
cene of Washington. It is the writer’s opinion that when more and bet- 
ter material representing these two subspecies is found they will prove 
to be sufficiently different from the typical species angustata to be de- 
scribed as distinct species. 
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EXPLANATION OF PLATES 
PLATE 14.—Oligocene Fossils from Southern Alaska 


Figure 1.—Spisula ramonensis Packard. Plesiotype, University of California 
Number 30404. 

FicureE 2.—Thyasira bisecta Conrad. Plessiotype, University of California 
Number 30385. 

Figure 3.—Leda fossa Baird. Plesiotype, University of California Number 
12403. 

Ficure 4.—Spisula ramonensis Packard. Plesiotype, University of California 
Number 32301. 

Ficure 5.—Spisula ramonensis Packard. Plesiotype. University of California 
Number 30394, 

Figures 6-7.—Venericardia yakatagensis n. sp. Type, University of California 
Number 12409. 

Fictre 8—Mactra (Mactrotoma) californica equilateralis n. subsp. Type, 
University of California Number 30390. 

Ficures 9-10.—Venericardia hamiltonensis n. sp. Type, University of Califor- 
nia Number 12408. 

Figure 11.—Nucula (Acila) hamiltonensis n. sp. Paratype, University of Cali- 
fornia Number 30375. 

FieureE 12.—Nucula (Acila) gettysburgensis Reagan. Plesiotype, University 
of California Number 30400. 

Figure 13.—Nucula (Acila) yakatagensis n. sp. Type, University of California 


Number 30393. 

Figure 14.—Nucula (Acila) hamiltonensis n. sp. Type, University of Cali- 
fornia Number 30376. 

Figure 15.—Nucula (Acila) gettysburgensis alaskensis n. var. Type, Univer- 
sity of California Number 30388. 
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PLATE 15.—Oligocene Fossils from Southern Alaska 


Figures 1 AND 4.—Schizothaerus nuttallit Conrad n. subsp.? Plesiotype, Uni- 
versity of California Number 30380. 

Figure 2.—Thracia schencki Tegland. Plesiotype, University of California 
Number 31341. 

Ficure 3.—Thracia schencki Tegland. Plesiotype, University of California 
Number 31342. 

Figure 5.—Tracia schencki Tegland. Plesiotype, University of California 
Number 30377. 

Figures 6-7.—Heterodonar? sp. Specimen, University of California Number 
30383. 

Ficure 8.—Pecten (Patinopecten) yakatagensis n. sp. Paratype, University 
of California Number 30382. 

Ficure 9.—Schizothaerus? trapezoides n. sp. Type, University of California 


Number 30374. 
FicureE 10.—Tellina sp. Figured specimen, Number 31351. 
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PLATE 16.—Oligocene Fossils from Southern Alaska 


Figure 1.—Pecten (Patinopecten) yakatagensis n. sp. Type, University of 
California Number 30381. 

Figure 2.—Macoma cf. secta Conrad. Specimen, University of California 
Number 30387. 

Figure 3.—Macoma cf. secta Conrad. Specimen, University of California Num- 
ber 30386. 

FicurE 4.—Macoma cf. middendorffii Dall. Specimen, University of Califor- 
nia Number 12407. 

Ficures 5-6.—Atura angustata (Conrad) alaskensis Schenck. Type, Univer- 
sity of California Number 31362. 


x 


BULL. GEOL. SOC. AM. VOL. 43, 1932, PL. 16 


OLIGOCENE FOSSILS FROM SOUTHERN ALASKA 


= 
Ne 
1 P 4 
3 
ae ; » % 
Sn 
6 
d 
> 
5 


BULL. GEOL. SOC. AM VOL. 43, 1932, PL. 17 


OLIGOCENE FOSSILS FROM SOUTHERN ALASKA 


1 
Pri 
3 
5 
6 
~ 
| 
68 


EXPLANATION OF PLATES 839 


PLATE 17.—Oligocene Fossils from Southern Alaska 


Ficures 1-2.—Pandora (Kennerlia) yakatagensis n. sp. Type, University of 
California Number 30399. 

Ficures 3 AND 8.—Mya salmonensis n. sp. Type, University of California 
Number 30397. 

Figure 4.—Mya salmonensis n. sp. Paratype, University of California Num- 
ber 30396. 

Figure 5.—Mya truncata Linnaeus n. subsp.? Plesiotype, University of Cali- 
fornia Number 30379. 

FicurE 6.—Panomya (Arctica) turgida Dall. Plesiotype, University of Cali- 
fornia Number 30398. 

Figure 7.—Panomya n. sp.? Specimen, University of California Number 
30401. 

Figure 9.—Panomya (Arctica) turgida Dall. Plesiotype, University of Cali- 
fornia Number 31347. 
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PLATE 18.—Oligocene Fossils from Southern Alaska 


Fieure 1.—Macrocallista? rearensis n. sp. Type, Un'versity of California 
Number 30378. 

Figures 2-3.—Chione securis subsp. alaskensis n. subsp. Type. University of 
California Number 30406. 

Ficure 4.—Cardium (Laevicardium) alaskensis n. sp. Type, University of 
California Number 30389. 

FicureE 5.—Cardium (Papyridea) brooksi n. sp. Type, University of Califor- 
nia Number 30402. 

Ficure 6.—Cardium (Serripes) hamiltonensis n. sp. Paratype, University of 
California Number 30391. 

Ficure 7.—Cardium (Serripes) hamiltonensis n. sp. Type, University of Cali- 
fornia Number 30405. 

Figure 8.—Cardium (Ceratoderma) yakatagensis n. sp. Type, University of 
California Number 30384. 

Fieure 9.—Savicava pholades Linnaeus. Plesiotype, University of California 
Number 30395. 

Ficure 10.—Cardium (Serripes) hamiltonensis n. sp. Paratype, University 

of California Number 30392. 
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PLATE 19.—Oligocene Fossils from Southern Alaska 


Ficures 1-2.—Macrocallista pittsburgensis Dall. Plesiotype, University of 
California Number 31345. 

Fiaure 3.—Spisula ramonensis Packard. Plesiotype, University of California 
Number 32302. 
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PLATE 20.—Oligocene Fossils from Southern Alaska 


Figure 1.—Fusinus cf. hannibali Clark and Arnold. Specimen, University of 
California Number 31356. 

Ficure 2.—Fusinus cf. hannibali Clark and Arnold. Specimen, University of 
California Number 31358. 

Figure 3.—Fusinus cf. hannibali Clark and Arnold. Specimen, University of 
California Number 31357. 

Ficures 4-5.—Polinices (Euspira) ramomensis Clark. Plesiotype, University 
of California Number 12381. 

Figures 6-7.—Natica (Cryptonatica) n. sp. Figured specimen, University of 
California Number 31359. 

Ficure 8.—Polinices (Euspira) ramonensis Clark. Plesiotype, University of 
California Number 12396. Natural size. 

FicurE 9.—Polinices (Euspira) ramonensis Clark. Plesiotype. University 
of California Number 12384. About twice natural size. 

Figure 10.—Cancellaria (Progabbi) alaskensis n. sp. Paratype, University 
of California Number 31354. 

Ficure 11.—Turcicula turbonata n. sp. Type, University of California Number 
32420. 

Ficure 12.—Cancellaria (Progabbi) alaskensis n. sp. Paratype, University 
of California Number 31353. 

Ficure 13.—Neptunea aff. tabulatus Baird. Figured specimen, University of 
California Number 12406. 

Figure 14.—Colus rearensis n. sp. Type, University of California Number 
12402. 

Fieure 15.—Colus rearensis n. sp. Paratype, University of California Num- 
ber 12401, 

Figures 16 anp 17.—Cancellaria (Progabbi) alaskensis Dall. Type, Univer- 
sity of California Number 12395. 
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PLATE 21.—Oligocene Fossils from Southern Alaska 


Figures 1-3.—Galeodea apta Tegland. Plesiotype, University of California 
Number 12392. 

FicurE 2.—Galeodea apta Tegland. Plesiotype, University of California Num- 
ber 12383. 

FicurE 4.—Ps8ephaea corrugata n. sp. Paratype, University of California 
Number 12399. 

Ficures 5 ANp 11.—Psephaea corrugata n. sp. Type, University of California 
Number 12398. 

Ficures 6-7.—Scaphander alaskensis n. sp. Type, University of California 
Number 12382. 

Figure 8.—Turritella n. sp. Specimen, University of California Number 31360. 

Ficure 9.—Galeodea apta Tegland. Plesiotype, University of California Num- 
ber 12405. 

Ficure 10.—Turritella cf. porterensis Weaver. Figured specimen, University 
of California Number 31361. 

Figure 12.—Haminoea n. sp.? Figured specimen, University of California Num- 


ber 12397. 
Figure 13.—Turritella hamiltonensis n. sp. University of California Number 
30280. 


Ficure 14.—Turritella hamiltonensis n. sp. Type, University of California 
Number 30281. 

F|aureE 15.—Galeodea apta Tegland. Type, University of California Number 
12404. 

Figure 16.—Turritella cf. porterensis Weaver. Figured specimen, University 
of California Number 31440. 
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PLEISTOCENE MAZOUNA STAGE IN WESTERN ALGERIA 
CONTAINING ARTIFACTS? 
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GEOGRAPHIC RELATIONS 


The Quaternary terrace formation with its content of paleolithic im- 
plements here discussed occurs in the Dahra Range, Department of Oran, 
Algeria, between the Mediterranean and the plain of the Chelif. The 
description applies particularly to the region of the old Moorish town 
of Mazouna on the south flank of the range, some 27 kilometers in an air 
line south of the coast. This is a region watered by springs in the upper 
basin of the Oued Ouarizane, in the midst of an open grassy hill country 


1 Manuscript received by the Secretary of the Society April 15, 1932. 
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of low and seasonal rainfall. The site of the artifacts deposit is on the 
north fork of the Oued Krouf, about 1,300 meters as the crow flies north- 
east of the center of Mazouna. It is at an altitude of approximately 370 
meters, a trifle less than 3 kilometers downstream from the head of the 
ravine. From this site the drainage follows the Oued Krouf and then 
the Oued Ouarizane southward for an air-line distance of 14 kilometers, 
to the junction with the Chelif River at an elevation of approximately 50 
meters above sealevel. Thence the Chelif flows westward 71 kilometers to 
the Mediterranean, although the course is actually much longer owing 
to meanders. 

The basin of Oued Ouarizane is eroded in variable Miocene and Pliocene 
strata, which were strongly folded toward the close of the Tertiary. In 
consequence of the geologic structure thus created, and particularly the 
capping of Pliocene sands on less pervious marls, the springs mentioned 
and their prototypes must have existed through much or all of Quaternary 
time, once the erosional trenching and stripping of the Pliocene forma- 
tions had made some headway.* This upland on the sheltered south slope 
of the coastal range, overlooking the Chelif Plain, thus afforded favor- 
able conditions as a habitat for animals and men, and the tendency of the 
Pliocene limestone of this immediate region to weather into shallow 
cavernous shelters probably gave the district an additional attraction to 


paleolithic man. 


GENERAL DESCRIPTION OF MAZOUNA STAGE 


Throughout this portion of Algeria are remnants of a Quaternary stage 
of alluvial deposits, forming terraces and clinging to the sides of valleys 
up to levels of approximately 40 meters above the immediately adjacent 
drainage levels and sloping back to somewhat higher elevations away 
from the streams. These deposits are roughly horizontal but have a 
depositional inclination of one to several degrees toward the valleys, and 
downstream approximately parallel with the stream gradients of the 
present day. No structural deformation has been recognized in them. 
They have a maximum thickness of 35 to 38 meters where well developed, 
but the thickness varies greatly from place to place owing to incomplete- 
ness and to the fact that the deposits lie at different levels on the uneven 
surface of the preceding topography. In places close to the present stream 


2 The Mazouna district is included in the Renault topographic sheet, on the scale of 
1/50,000. A reconnaissance geologic map of this sheet by Brives was published in 1897. 
The geology of the Renault sheet was mapped between 1913 and 1923 by E. E. Smith, 
Robert Anderson, and G. H. Westby and, having been revised by the present writer in 
1930 and 1931, is in the hands of the Algerian Government for publication. A summary 
text is in process of publication in the Bulletin du Service de la Carte géologique de 
l’Algérie, Travaux récents des Collaborateurs, Fascicule II. 
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courses the base of the formation appears to occur within 1 or 2 meters 
above the present drainage level or possibly even lower. 

The full thickness above stated is observed at points where the forma- 
tion extends down close to the present stream course, as for instance in 
portions of the exposure underneath the town of Mazouna. In most 
places, however, the base of the formation is found on the steep banks 
of ravines at levels ranging from 12 to 18 meters above the bottom, and 
a fairly characteristic feature is a bench on the underlying rocks at some 
such level, covered with the terrace deposits. 


Figure 2.—Southeastward over Moorish Town of Mazouna, western Algeria 


It occupies a spur, capped by the Mazouna deposits between two sharp ravines about 
40 meters deep. Another remnant of this terrace shows faintly in middle distance at 
right. Photograph by the author, June 21, 1923. 


These deposits represent a period of aggradation in a portion of middle 
or upper Pleistocene time and have been grouped together by the present 
writer under the name “Mazouna stage.” The type locality is in the valley 
of the Oued Ouarizane, in the region around Mazouna, where the forma- 
tion is a notable feature of the landscape. It composes well-marked but 
discontinuous terraces that have locally been left standing at the side 
of valleys and gorges cut out by subsequent erosion (see figure 2). It 
should be noted that a later and distinct alluvial formation varying from 
about 5 to 10 meters thick occupies the valley floors and forms sharp 
banks at either side of the present stream trenches. 

The character of the Mazouna is generally that of gravelly and boulder- 
bearing fluvial deposits roughly stratified with finer sediments, but varies 
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greatly in accordance with local variations of topography, the narrowness 
of valleys in which it was formed, and the proximity of sources of coarse 
material. It has a somewhat specialized character in the Mazouna re- 
gion, where sediments of fine grain are a major element. This upper 
valley of the Oued Ouarizane opened out as an irregular basin several 
square kilometers in extent at the time when deposition of the Mazouna 
fill was at its height. . 

Here a characteristic section observable at several points shows a 
coarse zone in the lower few meters, with boulders up to a meter or more 
in diameter, followed upward through the main part of the formation 
by a stratified but lenticular succession of blackish gray gritty clay and 
dull gray to yellowish clayey silt and sand, with minor lenses of gravel 
and rubble. In the upper third of the formation there is apt to be a 
coarsening and a rather sharp change from the dark clayey beds to yel- 
lowish sand with irregular deposits of pebbles and cobbles. The fine 
materials in both thin and thick layers give parts of the deposit a fairly 
well stratified character. Fragments of limestone derived from the 
lower Pliocene (Tarhia) of the surrounding area are abundantly dis- 
seminated, especially in the coarse zones. The beds commonly have a 
large content of lime and an ashlike appearance, owing to an abundance 
of the delicate shells of land and fresh-water snails, as well as calcareous 
nodules and disseminated calcareous material. 

Locally the nodules are so abundant as to make beds look at first sight 
like gravel. The nodules are light and porous, concentrically formed, 
round, cylindrical, and of various other shapes, and generally varying 
from the size of peas up to several centimeters in diameter. They prob- 
ably represent superficial deposition of carbonate of lime, from evapora- 
tion, around the roots of plants and various other nuclei. Many of them 
have hollow or clayey centers. The beds are likewise characterized by 
delicate branching tubular cavities and filaments lined with a ferruginous 
coating and almost certainly formed by roots. There is also an abun- 
dance of carbonized root stems and finely divided carbon which is partly 
responsible for the dark color of the clays. 


Tue Artiracts Deposit or Krour 
LOCATION AND GENERAL RELATIONS 


The traces of early man so far found consist of small worked flints as- 
sociated with one much larger utensil of quartzite, all of very primitive 
type. They occur scattered through at least the lower 2 meters of a 
semiconsolidated, roughly stratified deposit of sand and rubble, which 
constitutes the upper 514 meters of the Mazouna beds exposed in the 
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brow of the terrace, as shown in figure 3. They also occur still lower, 
but more rarely, in a bed of dark sandy clay immediately underlying the 
sandy and rubbly upper zone. Associated with the artifacts in both cases 
are scattered bones and teeth of mammals. The total thickness of 
Mazouna beds here exposed is approximately 13.7 meters, and all the 
lower portion below the 514-meter upper zone consists of an alternation 
and intermingling of dark earthy clay or loam with bands of coarse 
limestone rubble. Bones are likewise fairly abundantly scattered through 


Figure 3.—Upper Half of Mazouna Beds at the paleolithic Site on the north Fork of 
Oued Krouf 


Eastward, where trail, bordered by cacti, climbs the bank. The Arab at right stands 
about on bed 6 of the section, in the midst of the less conspicuous clay and rubble beds. 
Above his head and to the right is the base of the more prominent upper sandy division, 
resting on the dark clay (bed 8) below, at point where flints and bones occur. Photograph 
by the author, May 9, 1930. 


these lower beds. The bones are in part decomposed and in general 
fragile. 

This deposit was discovered by the writer in 1923 and twice revisited 
in 1930 and 1931. The exact location is on the east bank of the north 
fork of Oued Krouf, about 114 kilometers from Mazouna on the trail 
leading northeast to the village of Oulad Knessa. It is where this trail 
climbs the bank just east of a little dam in the ravine, and just north- 
west of the “marabout” shown on the Renault sheet 800 meters north 
of Djebel Gargar. Within 50 yards to the north the top surface of the 
terrace deposit abuts against the southward-sloping dip face of the Plio- 
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cene (Tarhia) limestone (see figure 4). The Mazouna deposit is con- 
tinuously exposed in the upper 14 meters of the precipitous banks of the 
ravine for about 150 meters downstream and again at points farther 
downstream. It forms terrace remnants along the valley of Oued Krouf, 
overlooking the deep trenches that dissect its old level. 

The valley of Oued Krouf runs southwestward and occupies the trough 
of a sharp syncline, in which the varied coloration and. banding of the 
tilted Pliocene formations along the sides of the narrow valley give a 


Figure 4.—Mazouna Terrace Deposits abutting against Dip-slope of Pliocene Limestone 
at Locality of Artifacts 


North-northeastward up north fork of Oued Krouf, 1,300 meters northeast of Mazouna. 
The nearly horizontal beds form the bluff at right, containing artifacts just beyond the 
vegetation in middle distance. Some shallow caverns may be seen at left as black 
patches high on the limestone wall of the ravine. Photograph by the author, May 
9, 1930. 


strikingly picturesque effect. The beds involved are the straw-colored 
marine limestone and associated marl of the lower Pliocene (Tarhia 
stage), overlain by the sandy and rusty-colored marine sandstone of the 
middle Pliocene (Slama stage), and this surmounted by later Pliocene 
white lacustrine limestone interbedded in several zones with bright red 
and yellow sands (Hamri stage). These are all tilted at angles varying 
up to 60 degrees. 

The north fork enters the terraced valley of Oued Krouf as a ravine 
with steep gradient through the bounding ridge formed by the limestone. 
Where it emerges from the limestone gorge its channel is only a few 
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meters below the terrace top. But in the next 40 meters of its course 
it cuts down steeply to reach the approximate base of the terrace deposit 
at the foot of the bluff in which the artifacts occur. Within 50 meters 
farther downstream the ravine is about 26 meters deep, exposing the 
southward-dipping Slama beds in the bottom half of the bluff, truncated 
by the terrace deposits above. A little farther downstream the Pliocene 
beds are exposed to the top of the terrace and there sharply planed off, 
indicating a surface of erosional planation approximately corresponding 
to the level of the top of the terrace deposit. It is believed that this sur- 
face, cut on tilted and in part hard strata, is also observed elsewhere. 
Still farther downstream, overlooking the confluence of this north fork 
with Oued Krouf, the terrace is again formed by the Mazouna beds. 

In this stretch of 300 meters or more southward from the face of the 
limestone, incomplete search in the terrace deposit at several points failed 
to reveal artifacts elsewhere than at the locality mentioned, but it is prob- 
able that other sites will be found, especially as some of the best exposures 
remain entirely untouched owing to the steepness of the bluffs. More- 
over, the material is fairly compact and tough, and facilities were not 
available for excavation otherwise than with a geologist’s hammer. 

Within about 100 meters northwest, where the stream emerges from 
the Tarhia limestone, numerous shallow caves are weathered out of the 
strike face of the rather friable limestone, high up on the wall of the 
ravine, as indicated in figure 4. These caves or their prototypes were 
probably used as shelters by paleolithic man, and may well have been the 
reason for the occupation of this site. No proper investigation of them 


has been made. 
CHARACTER OF DEPOSIT 


The Mazouna formation at this locality may be roughly divided into a 
lower three fifths, composed chiefly of dark gritty clay with irregular 
bands of limestone rubble, and an upper two fifths, mainly of yellowish 
sand with rubble dispersed through it and with lenses of water-worn 
gravel. The deposit slopes away from the face of the limestone at an 
angle of from 3 to 5 degrees, flattening slightly downstream. The rubble 
consists of irregular fragments and blocks derived from the nearby Tarhia 
limestone, and both the clay and sandy beds are full of white and yellowish 
crumbling bits of the limestone, as well as of fragments of marine fos- 
sils from it. The beds are for the most part unindurated but compact ; 
with locally, however, a partial hardening through cementation by the 
calcareous content, particularly in the zones of rubble with their matrix 
of sand and clay. These zones tend to form slightly projecting out- 
crops. The stratification is clear owing to the alternation of bands and 
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lenses of different coarseness, but these grade into each other and the 
lines of separation are not sharp. 

If any separation is to be made it is that between the upper and lower 
portions mentioned, between which the line of demarcation is fairly 
sharp. This relation suggests that there were two phases of deposition, 
particularly as a comparable upper member, of greater average sandiness 
and coarseness than the underlying beds, may be found at other points 
in the Mazouna basin. From the artifacts locality itself the upper zone 
can be traced downstream, and at a distance of about 300 meters in that 
direction it is 514 meters thick at the top of the terrace, being composed 
of yellow and reddish-brown sand with lenses of gravel, and similarly 
lying on blackish gray sandy clay. 

The dark clayey beds of the lower division are blackish and plastic 
when wet, drying to a brownish gray color. They characteristically con- 
tain bits of carbon and traces with a rusty discoloration of what were 
probably originally small root holes. Many of the carbon fragments are 
just like charcoal. These occur also in the lower part of the sandy upper 
division associated with the bones and artifacts, occurring as little pockets 
of charcoal up to a few millimeters in diameter. At first sight they sug- 
gest the use of fire by the men who occupied this site. In view of their 
occurrence and associations throughout the beds, however, the writer is 
satisfied that they represent the carbonization of plant material laid down 
with the deposit and of roots that grew in the alluvium as it was formed. 
No trace of ashes or hearths was found. Another feature common in 
both the upper and lower members is a reddish or pinkish discoloration 
of some of the limestone fragments, giving an impression of the effect 
of fire. But the discoloration is with little doubt due to the natural 
oxidation of the ferruginous content. The same effect is common in the 
weathered outcrops of the limestone. 

The section that follows was made on the east bank of the north fork 
of Oued Krouf at the locality above mentioned. The beds exposed here 
may not include the base of the terrace deposit, but they go almost to 
the base. Zones 1 to 8 in the section constitute the lower division and 
zones 9 to 11 the upper one. At the top these do not certainly include 
the highest beds ascribable to the Mazouna. They go to the base of the 
layer of soil about 60 centimeters thick which caps the brow of the terrace 
here, but from the brow the surface of the terrace rises several meters 
higher, at a gentle angle, and it is difficult to say whether or not some 
of the original deposit has been beveled off near its edge. The gently 
rising arch of the terrace is assumed to be due to the subsequent accumula- 
tion here on its top of detrital material from the adjacent hill slope. But 
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the stratification of the upper beds given in the section, their regular and 
abrupt encroachment upon the limestone face without the marked rise 
that would accompany an alluvial fan, and their accordance with the upper 
level of the terrace farther downstream, is satisfying evidence that at 
least the thickness given belongs with the Mazouna formation. 


SECTION OF MAZOUNA BEDS AT LOCALITY OF ARTIFACTS 


(From top down) 

Approximate 
thickness 
in meters 

11. Tough earthy sand with minor lenticles of rubble, forming top 

of stratified deposit on brow of terrace—no artifacts found.... 1.50 
10. Gravelly sand containing rounded cobbles of old rocks from a 

distance, as well as blocks of Pliocene limestone. Of irregular 

thickness and grades laterally and vertically into enclosing 

beds. Worked flints found clinging to surface.............. 1.30 
9. Yellowish sand with irregular limestone fragments and blocks 

scattered through; these especially abundant in lower layers. 

Artifacts embedded through at least lower 2 meters and espe- 

cially at and near the base. Bones and teeth of mammals 

found in lower half. Tooth of Alcelaphus cf. probubatlis weath- 

ered out and almost certainly from this bed.................. 2.50 
8. Sandy clay of dull coffee color and in part black, sharply over- 

lain by zone 9. Two worked flints found at separate points at 

depth of about 30 centimeters below top of this bed. Tooth 


of a young antelope found at same depth, and other bones occur. .90 
7. Clayey sand with limestone rubble lenticularly dispersed along 


6. Blackish brown clay with abundant bits of yellow and white 
crumbly limestone and some blocks. Numerous bone frag- 
5. Rubble zone with limestone blocks in matrix of sand and clay... 1.40 
4. Blackish brown clay like 6. Metapodial of Rhinoceros cf. sub- 
inermis Pomel found in clay a few meters away from the con- 
tact on the limestone, at horizon approximately equivalent to 
the base of this bed, and a carpal bone of a rhinoceros found 


at the same horizon 1 meter from the other.......... amass 50 
2. Fairly homogeneous bed of blackish clay with bones........... 90 
1. Mostly dark clay, mingled with layers of limestone rubble. Large 

bones found within 30 centimeters of base as well as higher. 

The base is at edge of stream channel and believed to be close 

to the bottom of the formation.......... 2.50 
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OCCURRENCE OF ARTIFAC, |! 


As indicated in the section, the lowest artifacts occur in the upper part 
of the loamy zone 8, about 514 meters down in the terrace deposit. 
Whereas the flints in the bed appear definitely in place, it is conceivable 
that they are not older than those in the bed just above, and that they 
may have sunk or been more or less artificially introduced into this lower 
layer when it formed the surface and was in a condition of a mud or a 
loose alluvium. I failed to find artifacts lower down, but further search 
may prove fruitful. 

The zone in which artifacts seem to be most common is in the lower 
half of zone 9, and particularly at and near the contact with the under- 
lying clayey zone 8 just mentioned. The relations suggest the surmise 
that the top of the latter may have remained during a considerable time 
a meadow or valley surface frequented by men, close to the edge of the 
limestone hills. The abundance of flints may represent either a camp 
or work site or a gradual accumulation washed down from the adjacent 
bare slopes near the caves and otherwise scattered here prior to the deposi- 
tion of the overlying beds. 

Similar flints occur higher in zone 9 and were also found clinging to 
the steep face of the bluff within 114 to 3 meters below the brow of the 
terrace. I did not find them definitely in place in the latter horizon, but 
time was lacking for a thorough search in the upper beds. The flints 
sticking to and out of the surface are probably weathered out in place, 
but the possibility can not be overlooked that they may have drifted down 
from the top of the terrace. In this country it is common to find foreign 
particles attached to exposed surfaces as a result of superficial calcareous 
encrustation, and although this appears unlikely on a steep face and 
with a substance as heavy as flint the collector must be on his guard. It 
is noteworthy that the top surface and the soil of terraces in this part of 
Algeria in many places contain somewhat similar rude flints, and it is 
difficult in such cases to determine whether they are a surface concentration 
from higher slopes and erosion of deposits older than the surface of the 
terrace, or are of later date, or both. At the Oued Krouf locality, how- 
ever, flints were not noted in or on the surface deposit of the terrace. 

To make sure that the artifacts in the lower part of zone 9 had not 
merely drifted down the face of the exposure from above and become 
attached to the surface or embedded in a surface accretion of sand in con- 
sequence of calcareous cementation, I dug into the zone at several points 
and at each point found numerous flints unquestionably in place. A 
supposition that they might have worked or been carried down through 
the beds is likewise untenable in view of the thickness and comparative 
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compactness of the deposit, its undisturbed stratified character, the 
absence of any traces of burrows, the absence of pebbles or extraneous 
rock fragments associated with the artifacts, and the occurrence of flints 
directly beneath undisturbed blocks of limestone in the stratified rubble. 
In short, the artifacts are too well embedded in the body of the deposit, 
too numerous, and too concentrated along one horizon to be otherwise 
than in place. 

The dissemination of similar artifacts through the deposit above the 
lower part of zone 9 may perhaps be explained on the hypothesis already 
mentioned, that they were gradually swept down from points of tempo- 
rary lodgment on the adjacent limestone slopes. Their scattered oc- 
currence through these several meters of beds may mean, but thus does 
not necessarily mean, a culture or succession of cultures of duration equal 
to the period of deposition. 

Thus the evidence is satisfactory that the culture is at least as old as 
the lowest deposits of zone 9, but it is open to doubt whether the age of 
the upper beds containing flints is as great as that of the artifacts them- 
selves. 

CHARACTER OF ARTIFACTS 

The flints weathered out and lying near the base of the upper 6 meters 
of the bluff, which is its steepest portion, are numbered by the hundreds. 
Those actually dug out of the beds amount to several dozen. The flints 
all range from a length of 5 centimeters downward to flattish or elongate 
chips a centimeter or two in long dimension. Many of them, and very 
likely all, were worked out of pebbles. They are all flakes or irregular 
fragments worked on one side only, rarely shaped to any regular form, 
but commonly with a rude retouching along the edges to accommodate 
the more or less fortuitous shape of the flakes or fragments to use for 
cutting, planing, sawing, boring, and scraping. 

The marginal retouch is mostly on the worked side but in some cases 
it is locally applied to the ventral side as well. Numerous flints show an 
ineurved notch produced by retouching and in some cases by angular 
fracture, probably for the purpose of planing and pointing the curved 
surface of sticks. Several would be adaptable to more than one use; 
and one in particular which was found in place at the base of zone 9 is a 
combination saw, scraper, knife, and borer (plate 22, number 1). All 
the types mentioned occur among the flints found in place in zone 9. In 
addition there occur in place in this bed irregular thick pieces broken 
off the side of pebbles or crudely broken and flaked into rough conical 
or rectangular shapes which are probably discards and cores but may 
have served as tools. A sharp splinterlike piece artificially broken off 
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but almost unworked was found 30 centimeters down in bed number 8 
(see plate 22, number 6). Among the artifacts lying on the surface are 
numerous ones comparable with this splinter but better flaked, suggest- 
ing primitive burins, as well as flakes fashioned into rectangular and 
triangular shape by the removal from one side of fairly regular long flakes. 
These may be prototypes of the Mousterian “points.” Aside from these 
sharp splinters and less sharp points—which might have been bound into 
cleft sticks, or even onto the end of sticks as heads for daggers, darts, 
or spears—the flints are not of types suitable for weapons, and in the 
absence of signs of adaptation of the splinters and points for attachment 
it seems probable that they were likewise mainly utensils. 

Aside from the flints, one large piece of quartzite (plate 23, number 18) 
was found embedded in the sand about 1 meter above the contact of 
zone 9 upon the clay below. This is 9.5 centimeters long by 5 centimeters 
in average width, with one smooth but curved surface where it was 
spalled off from the original rock, and the other side chipped off in large 
flakes to give it a flattish rectangular shape and sharp edges. Its 
straighter side is sharpened and notched to a rude saw-tooth shape by 
marginal retouching within a few millimeters of the edge, this retouch- 
ing being on the otherwise smooth and unworked side. The purpose of 
this rude tool is evidently that of scraping, cutting, and probably sawing. 
A piece of wood can readily be sawed in two with it, and it is so shaped 
as to give an excellent hand-hold for such operation. 

The artifacts are all of crude workmanship and design and suggest a 
primitive phase of the Mousterian types. The culture appears distinc- 
tive and not clearly assignable to any of the types so far regarded as 
standard. The relatively small size of the implements and the general 
appearance of some of the flakes gives a hint that the industry may have 
been distantly ancestral to the type known as Capsian, but there is no 
approach to the characteristic geometrical microlithic forms of the lat- 
ter, and the Mazouna culture is clearly far more primitive. The imple- 
ments would seem to be the fashionirig tools of a people dependent pri- 
marily upon wood and not stone for their weapons. The sharp-edged 
small flints, even though rude, are found upon experimentation to be 
reasonably satisfactory instruments for cutting, smoothing, and sharpen- 
ing such weapons, for instance, as wooden darts or spears. Their small 
size suggests an industry of some refinement in the fashioning and point- 
ing of wooden weapons. Their character as thus interpreted bespeaks 
a region and climate in which wood was readily available. Conversely 
it is conceivable that a culture based on the huge coups de poing of Chellean 
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type, found abundantly in the Sahara, may owe its development, at least 
in the first instance, to the necessity of using stone tools and weapons 
under conditions of climate in which trees were scarce. 


THE VERTEBRATE REMAINS 


Bones are found almost throughout the formation, but unfortunately 
they are apt to break and crumble. They give the impression of being 
scattered and fragmental rather than as occurring as skeletons. The fact 
that bones occur both through the clayey beds of the lower division and 
in at least the lower part of the overlying sandy bed number 9 is a bond 
of relationship between these two facies, unless it be assumed that the 
bones were deposited through man’s agency in the upper zone and not 
in the lower. The majority found are hollow cylindrical limb bones of 
mammals of about the size of sheep or antelopes, but more massive bones 
as well as a few teeth were likewise found. The best tooth was found 
lying on the surface of bed number 8, and by reason of the coating of 
yellow sand cemented to it and association with flints evidently similarly 
weathered out of bed number 9 there is little doubt that it came from 
the latter bone- and artifact-bearing horizon. This tooth was identified 
by G. S. Miller as the second permanent molar of a large species, prob- 
ably extinct, of Alcelaphus, comparable with, but distinct from, A. Jeliwel, 
a large form of this hartebeest now living in east-central Africa. 

In bed number 8 occurs a tooth which Dr. Chester Stock considers to 
be that of a young antelope. A bone from about 4 meters lower, in bed 
number 4, was identified through the kindness of Doctor Stock as the 
metapodial of a small rhinoceros. I have later compared it with the 
material at the University of Algiers and found it closely similar to the 
bone figured by Pomel as Rhinoceros subinermis Pomel (“metacarpien 
medius”), from the tunnel] at Pointe Pescade, on the coast a few kilo- 
meters northwest of Algiers.* 


Tue Artiracts Deposir or OvED TAMDA 


It was not until recently, after it was no longer possible for me to 
visit this region, that I learned of a previous discovery of artifacts in what 
would appear to be the same formation 314 kilometers southwestward 
from the locality on Oued Krouf. The record of this is contained in a 
paper by Pallary in which he cites 10 localities in the Dahra Range where 
traces of prehistoric man occur, of which this is the only one in which 
he observed paleolithic traces in place.‘ 


2A. Pomel: Les rhinocéros quaternaires, Alger, 1895, pl. 12, figs. 6-11. 
*Paul Pallary : Notes palethnologiques sur le Dahra Oranais: Assoc. Francaise Av. 
Sci., 25me. sess., Carthage, 1896, 2me. partie, pp. 761-67. 
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The locality is on the “Oued Temda” (Tamda of the Renault sheet) 
an east-west ravine which enters the Oued Ouarizane from the west, 2 
kilometers south of Mazouna. In referring to this ravine between its 
confluence with the Ouarizane and the Inkermann-Renault road, some 3 
kilometers to the west, he says (translation) : 

“All along its banks, in the upper alluvial deposits, one finds worked flints 
and quartzites in more or less abundance. But at the confluence and on the 
left bank I observed in the regularly laid alluvial deposits beautiful worked 
flints with points and scrapers, the mousterian type of which is undeniable. 
With this industry I found a molar of a Phacocherus, numerous melanopsis 
and several helixes.” 


The gastropods were later described ° as Melanopsis laevigata Lamarck 
and Helix ouarizanensis Pallary, both forms still living. 

I examined the lower half of the Mazouna terrace deposits along the 
Oued Tamda in 1923 but noticed no artifacts, for which I was not search- 
ing. From the above account it is fairly evident that the Mazouna beds, 
which are well developed there, are referred to. In speaking of the 
“upper alluvial deposits” he doubtless means the older set of deposits 
which form the high banks, in distinction from the later stream-bank 
alluvium of this region. It is evidently a highly interesting occurrence 
of artifacts and bones similar to that on Oued Krouf. In what horizon 
of the formation Pallary found these artifacts is not clear. 

In another paper he briefly refers to this discovery and adds the fol- 
lowing information:® “These alluvial deposits, localized especially on 
the left bank, do not rise more that 10 to 12 meters above the stream.” 
This indicates either a slip of memory or else implies that the material 
from which he collected was toward the lower part of the bluff formed 
by these beds. 

The formation on the Oued Tamda is on the order of 25 meters thick 
with its top forming the brow of the terrace at about 37 meters above the 
stream. The steeply dipping bluish gray fossiliferous Pliocene marl 
(Tarhia stage) is exposed in the lower portion of the bluffs and is uncon- 
formably overlain by roughly horizontal, clearly stratified boulder gravel, 
sand, and clay, with depositional dip locally up to 4 or 5 degrees. This 
terrace deposit is full of fragments of fossil oysters, pectens, etcetera, 
derived from the Tertiary, but the finer beds of sand and clay are even 
more full of land and fresh-water mollusks of several varieties, filling the 
matrix with crumbling shells and fine fragments. There is a boulder bed 


5 Paul Pallary: Sur les mollusques fossiles terrestres, fluviatiles et saumatres de 
l’Algérie, Mém. Soc. Géol. France, Paléontologie, no. 22, 1901. 

®Paul Pallary: Notes géologiques sur le Dahra Oranais, Assoc. Francaise Av. Sci., 
25me. sess., Carthage, 1896, pp. 27-287. 


LVI—BULL. GEOL. Soc. AM., Vol. 43, 1932. 
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about 3 meters thick at the base, with boulders up to 1 meter in length 
irregularly tumbled in, but locally this bed changes abruptly in whole 
or in part into sand and clay. Above that the main portion of the deposit 
is bluish gray rather loamy and marly clay, with layers and lenses of sand 
and gravelly sand. It is fairly compact and some of it is toughened with 
a calcareous cement. The clay occurs in fairly regular thick and homoge- 
neous beds. The formation composes terraces that intermittently border 
the Tamda and Zokara valleys, sloping gently toward these valleys and 
downstream at approximately the present gradient. At the junction of 
the Tamda and Zokara ravines the deposit abuts directly against the 
bluff formed by the Tarhia limestone and is there largely composed of a 
hard mass of limestone rubble. 


CONDITIONS REPRESENTED BY MAZOUNA STAGE 
TOPOGRAPHIC CONDITIONS 


The Mazouna deposits have the character of a filling in the troughs 
of preexistent valleys. The filling has subsequently been deeply trenched 
and largely removed by the present streams. The result is the reestab- 
lishment of the valleys much as they were before, but spparntly with a 
depth some meters greater than that previously possessed. This reestab- 
lishment is combined, however, with a more youthful aspect of the ravine 
trenches where remnants of the deposits are left standing as steep banks, 
and a slightly more matured topography than previously prevailed on the 
upper slopes, upon which the terraces impinge. 

It is difficult to gauge the relative depth of these valleys before and 
after the events mentioned, but the indications that the fill locally ex- 
tends down to near the present stream level leads to the belief that the 
valleys were, in places at least, nearly if not quite as deep before the 
Mazouna epoch as they are today. But as far as observations have re- 
vealed, the present streams have everywhere in their ungraded portions 
cut down to below the level previously reached. As regards the graded 
portions the evidence is obscure. 

In the Mazouna basin the fine-grained sediments with bones, traces of 
carbonized vegetable matter, and abundant fresh-water mollusks are taken 
to represent a gently sloping floodplain with meadow lands and peren- 
nial streams, and probably in places marshy ground and more or less 
temporary ponds. Over this floodplain coarser material was locally and 
from time to time distributed. The features of the formation are in 
harmony with the idea of its deposition in a genial interglacial age. 
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CHANGES OF BASELEVEL 


To produce these deposits there was fairly certainly at the beginning 
of Mazouna time a general subduction * of this northern Algerian region, 
causing a relative rise and inland advance of baselevel and a consequent 
period of aggradation. The valleys opened in post-Mazouna time indi- 
cate a reestablishment and intensification of relief. The amount of ver- 
tical erosion that has taken place in the valley bottoms is on the order 
of 35 to 40 meters along the larger ungraded streams. 

The extensive distribution in western Algeria of deposits that would 
seem to be equivalent to the Mazouna stage, as well as the occurrence of 
a correlative marine terrace, give ground for the belief that changes of 
sealevel were primarily responsible for the phenomena observed. One 
factor leading to this opinion is that these features appear to maintain 
a degree of topographic regularity out of ratio with the tectonic irregu- 
larity that is a hereditary characteristic of the region. Further mention 
of the problem is made in the final sections of this paper. 


THE UPPER DIVISION 


The somewhat coarser upper division affords a problem of interest, 
especially in view of the occurrence in it of the Oued Krouf artifacts. 
The question arises whether it may possibly represent an episode separate 
from that of the main portion of the Mazouna, and represent perhaps a 
series of outwash deposits laid on top of the terraces after the dissection 
of the plain and trenching of the streams had begun. The following fac- 
tors, among others, make such an explanation appear forced, and lead 
to the belief that the upper beds are an integral part of the same formation: 

(a) The stratification appears accordant throughout. 

(b) The summit of the terraces, including the upper beds, shows close 
accordance from place to place, and also is parallel with the plane of 
stratification. 

(c) The gentle slope of the terrace surface and its marked discordance 
with the steeper slopes behind are not those of an alluvial fan. Where 
material is locally superposed close to the head of the terrace a rise of 
slope makes this evident. 

(d) The upper zone occurs both near and several hundred meters away 
from the head of the terrace. It also occurs at points where the bound- 
ing slope is too low to have provided outwash material in any quantity, 


7™The term “subduction” is used to mean a reduction of relief and subjection to a rela- 
tively higher ultimate baselevel, by reason either of a rise of the sea or a sinking of the 
land, or both, without suggesting a definite interpretation as between these causes. It 
avoids the connotation of such words as subsidence, or immersion, and the implication 
of any particular structural process. 
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as well as devoid of ravines from which such material might have been 
poured out over the terrace. An example of this is afforded by the 
beautiful even-topped terrace on the spur ridge between the deep ravines 
of Oued Ouarizane and Oued Malah, one-half to 1 kilometer south of 
Mazouna. At the artifacts locality on Oued Krouf a small torrential 
ravine does come out on the terrace, as pictured at the right of figure 4, 
and its entrenching has not achieved the same depth as that of the main 
stream. Thus it is probable that some material was locally poured onto 
the top of the terrace from this ravine after the trenching of the main 
stream had begun. But this material is topographically reflected as dis- 
tinct from the Mazouna beds. Moreover, I know of no source along the 
few hundred meters’ course of this ravine from which the cobbles of the 
upper zone could have been derived. 

In view of these and other lines of evidence it is open to little doubt 
that the upper division was laid down as a continuation of the same 
process of aggradation and by the same streams that formed the earlier 
portion, before these streams had finally become entrenched in the 
Mazouna plain. It follows from this conclusion that the artifacts, which 
are clearly in place in the base of the upper division, and perhaps also 
in the upper part of the clayey zone below, long antedate the commence- 
ment of the post-Mazouna erosion within this area. 


AGE OF MAzouNA STAGE 


GENERAL STATEMENT 


It is fairly evident that the Mazouna stage dates from the later half 
of the Quaternary. This appears from the evidence that practically all 
the deformation and the bulk of the erosion subsequent to the late Plio- 
cene sedimentation preceded the Mazouna epoch. There occur in this 
region marine beds ascribable to the middle or upper Pliocene and sub- 
sequent lacustrine and subaerial formations believed to range up into 
the late Pliocene, which were folded at about the close of Tertiary time. 
The region was thereafter maturely dissected during at least one long 
cycle of planation, aggradation, and rejuvenation intervening between 
the major deformation and the subsequent much less prolonged cycle 
represented by the Mazouna features. 

A more precise determination of the age of the Mazouna must await 
further study. The vertebrate remains so far obtained are too frag- 
mentary as well as insufficiently known in their age relations, and the 
same is true of the continental molluscan fauna. Recognizable plant 
remains have not yet been found. These various materials, however, com- 
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bined with the fauna in the marine terrace deposits, will eventually afford 
a basis for precise dating. The artifacts are of primitive type, but 
being skeptical of the widespread application of the culture stages of 
European archeologists as a basis for age determinations in other regions 
I would hesitate to say whether a Chellean, Acheulean, or Mousterian age 
is represented. 

Various geological and theoretical clues are likewise important and will 
be briefly discussed. 


HYPOTHETICAL CORRELATION WITH SECOND INTERGLACIAL STAGE 


In view of the fact that this deposit almost certainly represents a rela- 
tive rise of baselevel in a coastal range which, as discussed further on, 
was dominantly emergent, it can most logically be explained on the 
ground of a higher stand of the sea than that previously and subsequently 
prevailing. Its plausible correlation is with a rise of sealevel resulting 
from the melting of the ice during one of the interglacial stages, and it 
probably represents either the second or third interglacial period. An 
ascription to the long second interglacial period is not an unlikely hypoth- 
esis in view of the following factors: 

(a) A long time is implied by this thick deposit, much of which is of 
fine-grained material. It is not as though the material had been merely 
reworked from alluvial deposits previously gathered higher up the val- 
‘leys. The preceding epoch of valley cutting must have witnessed the 
removal in large part of such accumulations. Moreover, the Mazouna 
area is within a few kilometers of the head of its drainage basin. The 
deposits therefore represent largely contemporaneous weathering and ac- 
cumulation of the constituent materials, and from a limited area. If it 
were not for the comparatively ready breaking down of some of the under- 
lying Miocene and Pliocene sedimentary beds it would be difficult to 
imagine the Mazouna beds formed within a period as limited as even the 
second interglacial age. 

(b) Likewise, an extended period is represented by the subsequent 
scouring of the fill from the valleys and their deepening in the under- 
lying rocks, both soft and hard. This erosion was accomplished not 
merely near the coast but to points far inland. It is true that erosion 
could have been relatively rapid in the partially unconsolidated and 
variable valley-fill material, aided by the sapping effect of ground water 
in the troughs of the old valleys. But the deepening in the older beds 
must have been slow. 

(c) Subsequent to the principal erosion of post-Mazouna time the 
region has undergone another somewhat similar but less prolonged cycle 
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resulting in the deposition of a new valley fill, and the development of new 
stream trenches. This alluviation is represented by the deposits on the 
broad Chelif plain and along almost all streams, forming banks of vary- 
ing height enclosing the stream trenches.. In the Chelif plain these banks 
are from about 7 to 12 meters in height above the stream beds, but in 
the hills the deposit tends to decline in thickness towards the upper, less 
graded portions of streams. This cycle is probably likewise represented 
by marine terraces up to a level of about 15 meters above the sea, but 
the correlation has not been definitely established, partly because of the 
fragmentary nature of the terraces which subsequent marine encroach- 
ment has permitted to remain at such levels. In any case there is here 
evidence of a post-Mazouna aggradational cycle which suggests a correla- 
tion with the third interglacial stage. And there are likewise various 
indications of still later minor oscillations. 

(d) Judging by the insignificant changes that have been wrought in 
North Africa during the last 2,000 years, it would seem that—unless 
dynamic processes operated under much greater stimulus than during 
the historic period—nothing less than a lapse of time measured in hun- 
dreds of thousands of years would suffice for the post-Mazouna events. 


OTHER THEORETICAL FACTORS 


Certain physiographic considerations are suggestive with reference to 
the age of different parts of the Mazouna, and particularly of the upper 
division in which the artifacts occur, in relation to the outside events 
which they reflect. By reason of upstream lag in the process of aggrada- 
tion following a rise of baselevel the events causing such rise may have 
their major reflection at inland points only long afterward, and at in- 
creasingly belated times farther inland. Thus an alluvial horizon that 
appears continuous may actually be of increasing age downstream. A 
somewhat similar though not fully parallel relation will prevail of greater 
downstream age of seemingly equivalent erosion features resulting from 
oscillations of baselevel. These factors need to be considered in correlat- 
ing terraces and deposits of the glacial period at the coast with those 
some distance inland. Such lag might readily span the whole of a glacial 
or interglacial age or even more. 

This principle of age relativity leads to the conjecture that the upper 
division of the Mazouna may have been formed as the final phase of 
aggradation at this distance inland after the relative decline of baselevel 


and the consequent erosion near the sea had commenced. In keeping with 
the theory that the change of baselevel was an actual decline of sealevel 
resulting from a renewal of glaciation, the coarser nature of the upper 
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division may possibly find its explanation in a change to a more cold, 
cloudy and rainy climate that would probably be coincident here with 
the advent of a glacial stage in Europe. If this theoretical conjecture 
should find supporting evidence, a rough check on the length of time 
represented by the upper division would be given by the approximately 
equal time required for the Chelif river and its tributary, the Ouarizane, 
to cut back and entrench in the Mazouna deposits through a distance of 
some 85 to 100 kilometers from the sea to Mazouna. 


MaRINE TERRACES CORRELATIVE OF THE MAZOUNA 


All along the coast of western Algeria there are terraces capped by 
varying thicknesses of deposits that are partly marine and partly alluvial 
and aeolian. Such terraces, and planed slopes indicative of a similar or 
contemporaneous origin, o¢cur at various levels up to more than 200 
meters above the sea and represent several different stages of emergence 
of the coast. 

There is one terrace and superincumbent deposit more extensively 
preserved than the others, which, by reason of its features and accordant 
range of elevation, is almost certainly the same throughout. It is in 
many places capped by gravels and sands containing marine shells. All 
the evidence points to its being a wave-worn platform covered by littoral 
marine and subaerial deposits. This marine bench and part of the ac- 
cumulations upon it are believed to be contemporaneous with the Mazouna 
stage. A portion of this terrace near its head is illustrated in figure 5. 

The top of the stratified deposit forming the surface of this terrace 
heads at an elevation of about 55 to 60 meters against the slopes behind, 
which are generally much steeper. It declines toward the sea at an in- 
clination that is commonly of several degrees, but with slope decreasing 
seaward to an approach to horizontality. At the coast the terrace is 
generally terminated by a sea cliff, which varies in elevation in accord- 
ance with local variations in the slope of the terrace, in the thickness 
of deposits lying upon it, and in the distance to which the sea has cut back. 
The height at the sea face thus varies, in so far as my observations go, 
from over 50 meters down to 12 meters, in the latter case with about 
1 meter of terrace deposit forming the surface. Roughly speaking, the 
height of this sea face is inversely proportional to the width of the ter- 
race, which varies at different places along the coast from about 2 kilo- 
meters to a mere stump representing the head of the terrace. The usual 
width is a few hundred meters, but in some places the terrace has been 
completely removed by undercutting by the sea. At some points its 
seaward portion appears benched and stripped of part or all of its cover 
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by subsequent wave action. But the differentiation of such later bench- 
ing and a separation between wave and stream action and between older 
and newer deposits laid on the terraces offers a complicated problem. 

The surface of the roughly stratified gravelly and sandy deposits that 
lie upon the terrace is in general a fairly smooth, gently inclined plane 
over the interspaces between the sharply incised ravines that descend to 
the sea. 


Ficure 5.—Elerated Marine Terrace against seaward Face of Dijebel Diss 
The locality is 6 kilometers north of Mostaganem, Algeria, northeast across stream 
trench of Chabet el Youdi, about 400 meters from the Mediterranean shore. The sur- 
face planed on hard Eocene strata is here at an altitude of approximately 50 meters. 
It is overlain by a line of boulders and several meters of horizontally stratified sand. 
Photograph by the author, May 6, 1930. 


The surface varies considerably on account of varying thicknesses of 
deposits laid and left on the terrace. In places near the sea the capping has 
been completely stripped, although this is comparatively rare. In other 
places it is common to find later semiindurated and cross-bedded dune 
deposits lying upon it. The variability in character and height, and 
consequently a certain indefiniteness as to its upper limit, is especially 
notable at the head of the terrace, where more steeply sloping alluvial 
materials derived from the neighboring heights, as well as old dunes in 
places, are apt to cover it. These soften the angle of divergence between 
the terrace slope and the old coastal face behind. Disregarding these 
locally thickened accumulations the usual thickness of deposits is on the 
order of 12 meters over the higher portions of the terrace, but with a ten- 
dency to decline in thickness seaward. 
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In many places an especially coarse gravel or boulder zone lies at the 
base. Above that the materials are variable gravels, rubble, and sand, 
not uncommonly rendered compact with a clayey matrix. In part the 
deposit is indurated with a calcareous cement. 

Beneath this deposit there is a fairly smooth surface sharply cut upon 
the underlying stratified and deformed rocks of various ages. ‘This ero- 
sion plane is likewise inclined seaward, approximately parallel with the 
top of the terrace, but diverging from the rising surface of the latter to- 
ward its head, and retaining a more uniform inclination slightly lower 
than the average slope of the terrace top. This surface of planation rises 
at an angle of about 1 to 3 degreees to a summit elevation roughly esti- 
mated as 50 meters on the face of the coastal slopes. It may be confidently 
ascribed to marine planation. 

The deep ravines that trench the terrace characteristically expose the 
underlying rocks in the lower two thirds of their steep banks overlain by 
the terrace deposits above, much as in the case of the ravines through the 
inland Mazouna terraces. The youthful form of the ravines approaches 
maturity of form in proportion to the size of the stream. The larger 
and medium-sized watercourses enter the sea with graded beds. Locally 
there are remnants near the mouths of the larger valleys of thick alluvial 
deposits with their base not many meters above sealevel, which are inter- 
preted to be valley fillings contemporaneous with the terrace under con- 
sideration. These various features are taken to indicate that the valleys 
had been eroded down to near their present level prior to the formation of 
this marine terrace, and that during the terrace-forming period the previ- 
ous strand was immersed. Marine Quaternary deposits have so far not 
been recognized up any of the valleys. It remains to be investigated 
whether they are entirely absent, but if they are, it may be due to the 
subsequent removal of the fills from the central portions of these val- 
leys, or explainable on the supposition that the submergence of the land 
or rise of the sea was very slow, permitting the simultaneous alluviation 
and dune enclosure of the valley mouths. 

There are many among the complicated factors bearing on the his- 
tory of these terraces which remain to be studied. But the present con- 
clusion is that the terrace in question represents first a gradual encroach- 
ment of the sea on the shore, both in a horizontal and vertical sense, and 
subsequently an emergence to the vertical extent of over 40 meters of 
the wave-cut platform, together with a cover of littoral deposits laid upon 
it. At least the lower 2 meters of the deposits are in most places marine, 
and characteristically contain marine shells mingled with gravel and sand. 
The shells are mainly of thick-shelled types of a few species, and com- 
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monly show the effect of abrasion. Pectunculus is the predominant form. 
These and the character of the materials suggest deposition on gravelly 
beaches and superposition of coastal plain deposits. The conclusions 
regarding the history of this marine terrace and its contemporaneity with 
the Mazouna stage support the theory already mentioned as to the origin 
of the Mazouna deposits and terraces. 

The above data regarding the marine terrace correlated with the Ma- 
zouna stage are based on reconnaissance observations along the coast be- 
tween Ténés and Mostaganem, a distance of some 130 kilometers, through- 
out which stretch this terrace is almost continuously traceable. The fig- 
ures given for elevations are based on the 1/50,000 topographic maps 
and are necessarily rough. This terrace likewise continues both east and 
west far beyond the limits mentioned. I have observed marine terraces 
and deposits of closely comparable height at various places between Cape 
Bon Peninsula in Tunisia and Tangier in Morocco, as well as on the 
south coast of Spain, and at other points, not only around the Mediter- 
ranean, but also outside the portals of Gibraltar. 

The literature contains numerous papers and references dealing with 
marine terraces at about the same level, as well as at other levels, on vari- 
ous portions of the Mediterranean coast of both Africa and Europe.* 


Evstatic CHANGES AND STRAND EMERGENCE 


It is evident that the French North African coast and at least large 
portions of the Mediterranean shores elsewhere were subject to emer- 
gence at successive times during the late Tertiary and the Quaternary. 
Whereas episodes of immersion likewise occurred, the general progress 
was toward emergence. The older surfaces of planation lie higher than 
the younger, and during at least the later Quaternary the combined ero- 
sional and transgressive encroachment of the sea on the coasts has re- 
mained slightly less in the aggregate than the seaward migration of the 
strand resulting from these changes of level. Even if the altitudes of 
the old shorelines and coastal plain levels are not everywhere accordant— 
and considering the likelihood of local tectonic variations it would be 
surprising if they were—the remarkable thing is to find traces of these 
old levels so widespread, so approximately comparable, and so eloquent 
of a dominantly emergent history of the shores. Their extent and rela- 
tionship around the Mediterranean basin, their occurrence on both the 


8 See particularly the numerous papers on the Algerian coast by General de Lamothe, 
mostly published in the Bulletin and Memoirs of the Geological Society of France be- 
tween 1899 and 1923, and papers in the same series, in the Comptes-rendus de l’Académie 
des Sciences, and elsewhere, by Depéret, Gignoux, and others. 
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south and north shores as well as on the islands, and their representation 
inland by correlative stream deposits and physiographic features that 
imply oscillations of baselevel, all point to changes of the level of the 
sea as the most likely primary cause. 

The progressively greater height of the older terraces does not neces- 
sarily mean equivalent higher stands of the sea in the earlier times. Aside 
from other deformational processes that may have been at work, it is 
likely that the broadly operative factors outlined below were effective 
in promoting a widespread upward progression of the strand. 

In regions where conditions of the crust favor absorption in the con- 
tinental borders of the principal effects of plastic distortion consequent 
on overloading of the marine basins, the result to be expected on theoreti- 
cal grounds from oscillations of sealevel would be cumulative emergence 
of the shores. The steps in the process may be briefly summarized. As 
pointed out by Daly ® each interglacial replenishment and overweighting 
of the sea would cause a slow swelling in the continents. In saying 
(page 727) that: “Outside of the glaciated tracts, the effects of distor- 
tion, whether of the solid earth or of the geoid, were, in relation to the 
vertical displacement of strandlines, decidedly subordinate to the effect of 
the mere addition of water to the ocean when the ice caps melted,” he pre- 
sumably assumes a swelling over whole continental areas. In many re- 
gions, however, a large, if not major portion of the distortion would be 
taken up in comparatively limited coastal belts. The upward warping 
of the land would in its ultimate manifestation lag far behind the com- 
mencement of aggradation, such as that of the Mazouna stage, resulting 
from the rise of sealevel. The full effect of warping would only be felt 
later, arresting the process of aggradation or adding to the relief and 
erosional activity of the succeeding glacial period of marine subtraction. 
The consequent unloading of the newly formed alluvial accumulations, 
as well as the removal of a load of water and sediment from the coastal 
border, and the transfer seaward of the products of erosion, would par- 
tially offset the tendency toward subsidence of the land resulting from 
lightening of the marine basins. The interplay of forces would there- 
fore produce as a net result a gain of strandline emergence. Probably 
even more important is that the area mainly affected by the process of 
land subsidence would not be identical with the belt previously uplifted. 
It would be likely to have a much broader base and thus likewise leave a 
net gain of uplift of the strand. 


9R. A. Daly: Swinging sealevel of the Ice Age. Bull. Geol. Soe. Am., vol. 40, 1929, 
pp. 721-734. 


"4 


872 R. V. V. ANDERSON—-MAZOUNA STAGE IN ALGERIA 


North Africa is a region notable for pronounced Tertiary and probably 
also early Quaternary deformation, and for the concentration of such 
orogenic activity in large part in the ranges forming the continental 
fringe. In this respect it resembles many other coastal zones of instabil- 
ity. Particularly in such regions mere oscillations of the level of the sea 
may be potent factors in gradually producing uplift and deformation. 
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ARTIFACTS FROM MAZOUNA BEDS ON OUED KROUF 
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EXPLANATION OF PLATES 
PLATE 22.—Artifacts from Mazouna Beds on north Fork of Oued Krouf 


NuMBERS 1 to 5.—Flints dug out from basal 10 centimeters of zone 9 of sec- 
tion, at base of upper division of Mazouna stage. 
1. Dorsal surface of combination knife, scraper and borer. 
a. Unworked ventral surface. 0b. Side view of right 
edge. 
2. A “point,” with right edge retouched. 
3. A conical piece, flaked on four sides, probably a core. 
(The top point is broken off.) 
4. Probably a core or a reject. It is 1 centimeter thick and 
broken rather than flaked. 
5. Thin, sharp-edged flake, with faint retouching at right, 
but otherwise unshaped. 
NuMBER 6.—Three-sided flint splinter, from 30 centimeters down in bed 8. 
NuMBeErs 7-17.—Flints weathered out and found on surface at base of zone 9. 
7 has sharp top edge suitable for planing. 
14 has incurved notch worked on the ventral side, as shown 
in a. 
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PLATE 23.—Artifacts from Mazouna beds on north Fork of Oued Krouf 


NumsBer 18.—Irregular quartzite flake about 44 centimeter thick, dug out from 
1 meter above base of zone 9. It is slightly arched longitu- 
dinally, by reason of having been spalled off, with natural con- 
centric fracture, from a weathered surface. a. Ventral sur- 
face, with edge retouched to make a saw or scraper. 

NuMBER 19.—From base of zone 9. Flint flake 1 centimeter thick with dull 
edges but with shallow notch worked into steep side. 

NuMBER 20.—Flint with diminutive notch. Found weathered out. 

NUMBERS 21 and 22.—Flints from about 1 meter above base of zone 9. Both 
are irregularly broken and flaked fragments, apparently rudely 
adapted for planing and scraping. 
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CHARLES SCHUCHERT—GONDWANA LAND BRIDGES 


INTRODUCTION 


Nearly a century ago one school of Geology taught that every part of 
the land has once been beneath the sea, and every part of the oceans has 
once been land (Lyell). The theory of another school was: once a con- 
tinent, always a continent; and its natural corollary: once an oceanic 
basin, always an oceanic basin (Dana). Later came an intermediate 
school which held that no proof exists that individual continents have 
always remained the same, and that parts of the ocean or even of the 
dry land may tomorrow sink to form new depths (Suess). The teach- 
ing of the first-mentioned school has gone out of fashion, but the other 
two have much in common, one being strictly conservative and the other 
liberal in its interpretation of the permanency in the earth’s grander 
features. The writer belongs in the last-named school, holding that 
both continents and oceanic basins are, in the main, permanent features 
of the earth’s surface; but that they have not necessarily always had 
their present shape and area. 

The theory that land bridges once existed across the Atlantic and In- 
dian oceans, postulated in the beginning by biogeographers to explain 
their facts of life distribution, is popular in Europe but is not as gen- 
erally accepted in America. One great difficulty with the theory is that 
thus far no method has been found by geologists or geophysicists to ex- 
plain satisfactorily the making of such bridges, or their foundering. 
Having long held that the land bridges came into existence with the con- 
tinents, the writer had not been concerned with their origin, but realized 
the difficulty of finding an explanation for their foundering. This 
problem formed the subject of many discussions with the late Professor 
Barrell, who came to the rescue of the theory by postulating that the dis- 
integration of radioactive elements in the basaltic shell supplies that 
slow increment of heat necessary to generate new molten rocks locally, 
which work their way into and through the lithosphere, overloading it, 
so that under the principle of isostasy a mid-Atlantic bridge would sub- 
side into the depths. This theory met with objections from geologists 
and geophysicists. 


2 Barrell died in 1919 and among his unpublished papers was one written in 1917, en- 
titled “The genesis of the earth,” a part of which was published in 1918 in “The evolution 
of the earth and its inhabitants’ (Yale University Press). The part referred to above 
was published in 1927 with C. R. Longwell as editor. 
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After the death of Barrell, the writer’s attention was drawn more and 
more to other fields, and it was not until the publication of Bailey Willis’ 
book, “Living Africa” (1930), with its interesting tectonic ideas, that 
the old question of the mechanics of foundering came back strongly to 
his mind. Correspondence with Willis revealed that he had distinct 
ideas about continental fracturing, and the writer urged him to try to 
apply these to the explanation of land bridges. To illustrate the fact 
that the Schuchert bridge across the Atlantic from South America to 
Africa was much narrower than that of other authors, a Permian world 
map traveled out to the West Coast and came back to New Haven with 
western Gondwana still further shrunken to a series of “isthmian links.” 
The discussion of which the present papers are an outgrowth was based 
on this map, here published as plate 24, to show to what extent our 
somewhat divergent, but in a measure harmonious, views have approached 
agreement. To accompany the map the writer has again summarized 
some of the already familiar biogeographic evidence, added new data, 
and brought together evidence to show that the larval life of marine in- 
vertebrates is far too short to explain their distribution across stretches 
of open ocean from one continent to another. In a second paper, Pro- 
fessor Willis has stated his views of the dynamic problems and attempted 
to show how land bridges were raised, and how they subsided. 


SUMMARY 


In geological literature the theory of a land bridge across the Atlantic 
appears to have had its origin with Marcou in 1860; but was first estab- 
lished by Neumayr in 1887 and earlier, and placed in its world setting 
by Suess between 1885 and 1909. Neumayr called this great bridge 
(including South America and Africa) the Brazil-Ethiopian continent, 
with the Indo-Madagascar peninsula on the east. This peninsula has 
since come to be known as Lemuria, the land of the lemurine mammals. 
Suess (1909) extended the great transverse continent to include India, 
and gave to the whole the name Gondwana. 

In the line of geologic evidence for the Gondwana bridge, the ideas 
of Suess as to the permanency of continents and oceans are presented in 
the following paper, together with what he says of Gondwana in partic- 
ular; this is followed by the conclusions of W. T. Blanford (1890) and 
J. W. Gregory (1929). Barbados with its typical oceanic oozes is cited 
as evidence for the great changes that a continental margin may undergo. 
The Barrell theory of continental fragmentation is briefly discussed, and 
a final section treats of the probable time of downbreaking of the Gondwana. 
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In Part II, the paleontologic evidence in the way of faunal distribution 
is taken up in considerable detail, along with data from the living forms 
that bear on Gondwana Land. Finally, the problem of how far and by 
what means Recent marine life is distributed is dealt with, and, in this 
connection, to what extent the embryonic and larval forms are dispersed 
and so may explain the similarities of life on either side of the tropical 
Atlantic. The conclusion here is that the vast majority of shallow-water 
life is dispersed along shorelines, and only a small percentage in any 
fauna is accidentally carried by the currents from one side of an ocean 
to the other. 

The conclusion of this entire study, now carried on for thirty years, 
is that the marine life of southern North America and southern Europe, 
and South America and Africa, from the Silurian to the end of Miocene 
time, backed by the distribution of the land plants and animals from 
the Permian into the Cretaceous, and by the discontinuous localization 
of Recent life in Africa and South America, is overwhelmingly in favor 
of the existence of the Gondwana land bridge from the pre-Cambrian 
until the end of Cretaceous time. During the submerging of the bridge, 
now thought by the writer to have taken place from the Eocene to the 
close of the Miocene, there may well have been an archipelago of islands 
left as remnants of transatlantic Gondwana Land, a deduction that has 
the backing at least of the molluscs of Miocene time and the living brachio- 
pods on the two tropical shores of the Atlantic Ocean. 

Those who lean toward the Wegener theory of continental drift as a 
possible explanation for the present and fossil distribution discussed 
in this study are referred to Hoffmann (1925), who rejects the theory 
as raising more difficulties than solutions in explaining the present dis- 
tribution of life; and, for the paleontologic and some of the geologic 
difficulties, to Schuchert (1928). 


Part I.—GEoLoGIcAL EVIDENCE 
ON PERMANENCY 


Charles Darwin said that biogeographers were prone to construct land 
bridges in every convenient direction, and to sink imaginary continents 
in a quite reckless manner; and his contemporary, Hooker, the leading 
botanist of a half century ago, wrote that land bridges were the “forlorn 
hope of the botanical geographer.” It is still largely true that many 
zoologists and botanists lightheartedly extend the present continents, or 
erect bridges far out into the ocean, to include volcanic islands like the 
Bermudas or the Galapagos, or build land bridges from Florid: to Ber- 
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muda and Halifax, or from Central America to the volcanic mid-Pacific 
islands of Hawaii, or from Asia to the same islands. The problem of 
the permanency of the continents and oceans, or of the making and un- 
making of transoceanic lands, does not concern most biogeographers. 

Toward the close of Suess’ lifelong and fruitful studies of the greater 
geological features of the earth he was asked by the editor of Natural 
Science to present his views on “Are great ocean depths permanent?” 
His answer was: 


“There exists no proof that individual continents always remained the same, 
and we even know for certain that such was not the case with by far the greater 
part of these continents. . . I see no reason why parts of the ocean or even 
of the dry land may not to-morrow sink to form new depths. From the evidence 
of the strata of the Himalayas and elsewhere we see that a great and deep 
ocean has been incorporated into the continent. . . . So I think that we 
must not only concede the extinction of a great Paleozoic, Mesozoic, and Terti- 
ary ocean in south-western Eurasia [—Tethys], but admit also great recent 
changes in the middle or southern Atlantic. Geological evidence, therefore, 
does not prove, nor even point to, a permanence of the great depths, at least 
in the oceans of the Atlantic type.” 


Blanford, in a far-reaching presidential address delivered before the 
Geological Society of London in 1890, discusses at considerable length 
the evidence for and against the permanence of ocean basins. He points 
out that the Seychelles Islands and Madagascar of the Indian Ocean have 
Archean rocks, that the volcanoes of the Canary and Cape Verde islands 
off northwestern Africa have thrown out granite and schist, and that 
Ascension Island has pieces of hornblende granite. 

He also brings forward much biogeographic evidence in favor of for- 
mer land connections and intercontinental migrations, and considers 
land bridges | wveen (1) New Zealand and Australia, (2) Solomon 
Islands and New Guinea, (3) Africa and Madagascar, (4) Madagascar 
and India, and (5) South Africa and South America. He says: 


“No one questions for a moment that Madagascar and Africa were united 
during part of the Tertiary era. . . . So far as I aw able to judge, every cir- 
cumstance as to the distribution of life is consistent with the view that the 
connexion between India and South Africa included the Archaean masses of 
the Seychelles and Madagascar, that it continued throughout Upper Cretaceous 
times, and was broken up into islands at an early Tertiary date. Great depres- 
sion must have taken place, and the last remnants of the islands are now doubt- 
less marked by the coral atolls of the Laccadives, Maldives, and Chagos, and by 
the Saya de Malha bank. . . . It may be a question whether the whole of the 
ocean-bottom between Africa and India may not have sunk to its present 
depth since Cretaceous times” (1890, pages 88, 98, 99). 
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Blanford believes that the evidence for the land bridge between Africa 
and Brazil is even stronger than that for Lemuria across the Indian 
Ocean. He concludes as follows: 

“It will be seen that whilst the general permanence of ocean-basins and con- 
tinental areas cannot be said to be established on anything like firm proof, the 
general evidence in favour of this view is very strong. But there is no evidence 
whatever in favour of the extreme view accepted by some physicists and geolo- 
gists that every ocean-bed now more than 1,000 fathoms deep has always been 
ocean, and that no part of the continental area has ever been beneath the deep 
sea. Not only is there clear proof that some land areas lying within continental 
limits have at a comparatively recent date been submerged over 1,000 fathoms, 
whilst sea-bottoms now over 1,000 fathoms deep must have been land in part of 
the Tertiary era, but there are a mass of facts both geological and biological in 
favour of land-connexion having formerly existed in certain cases across what 
are now broad and deep oceans” (page 107). 


The writer has long been endorsing the principle of permanency of 
continents and oceans, but not at all in the rigid form propounded by 
Dana, because he is convinced that even though continents and oceans do 
not interchange their relative levels, nevertheless great parts of the pres- 
ent continents have been broken down and sunk into great depths. He 
further holds that land bridges existed during Paleozoic and Mesozoic 
time in the Atlantic between Brazil and Africa, and between Africa and 
India, but in the Pacific he sees no possibility for land bridges outside 
of Australasia and possibly in Melanesia. Therefore geologists must find 
a way to sink into oceanic depths such former land bridges as western 
Gondwana and Lemuria. Surely the Greater Antilles became separated 
from each other and from Central America during the Cenozoic, and in 
older times the East Indies from Asia and Australia, or New Caledonia 
and New Zealand from New Guinea, the East Indies, and Asia. On the 
other hand, if long tracts of former sea-bottoms like the Himalayas or 
the Andes have risen from 3 to 6 miles above sealevel after having previ- 
ously subsided from 3 to 5 miles while being loaded with a similar thick- 
ness of sediments, or if Barbados during the Miocene sank 6,000 feet and 
possibly 10,000 feet and then during the Pliocene rose to near sealevel 
where it was in late Eocene and earlier time, surely geologists in their 
tectonic interpretation of the earth’s crust must find a way to explain 
how parts of a Gondwana Land can be submerged to depths of 12,000 
feet, or how an “isthmian link” like Panama or the Antilles island fes- 
toon can be raised from 6,000 to 10,000 feet and studded with active 
voleanoes. No geologist denies that the but slightly submerged Bering 
bridge joined North America to Asia back at least into Triassic time 
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(see Knopf, University of California, Bulletin of the Geological De- 
partment, volume 5, 1910, pages 413-420), or that the Isthmus of 
Panama has arisen since the Jurassic; but not many of them will admit 
the long existence of an Atlantic land from Brazil to Africa. 

Matthew, in his highly interesting essay, “Climate and Evolution,” 
shows that he was an ardent believer in the permanency of continents and 
ocean basins as they now are, though his study is actually limited to 
Cenozoic time. He goes out of his way to say, however, that if the dis- 
tribution of animals be interpreted along the lines set forth in his paper, 
“there is no occasion for a Gondwana Land even in the Paleozoic” (1915, 
page 191). In a review of his work the present writer admitted that 
Matthew’s conclusion was sound when restricted to the Cenozoic, “but 
to say there was no Gondwana in early Mesozoic time and especially none 
in Permian time is to drag into this painstaking and most excellent study 
an unnecessary and unproved conclusion.” 


BARBADOS AS EVIDENCE OF CONTINENTAL MARGINAL OSCILLATIONS 


There can be no doubt that today on Barbados Island of the West 
Indies there are typical oceanic oozes, and such are known elsewhere near 
continental margins. Barbados is probably one of the most interesting 
bits of historical geology anywhere, in that the island clearly demonstrates 
that a continental margin (South America) can subside to at least 6,000 
feet and possibly to even 10,000 feet, and later rise to 1,100 feet above 
sealevel. This far-reaching fact is evident from its oceanic deposits, 
whose unmistakable physical characters are widely accepted by oceanog- 
raphers. If anyone doubts this evidence of extraordinary crustal oscil- 
lations during the Oligocene and Miocene, because of the circumscribed 
area of Barbados, substantiating proof can be found in the clastic 
deposits and faunas of equivalent age in nearby Venezuela, where the 
Oligocene and Miocene strata are over 13,000 feet thick, and on Trinidad, 
where the same formations have a thickness of at least 14,000 feet. That 
Barbados is but a fragment of South America is shown by the fact that 
the oldest deposits of the island (Kocene) have several species of operculate 
river snails (/emistnus) also found widely in northern South America, 
whence they came when Barbados was a part of Paria, the borderland of 
that continent. 

The certainty that such upheavals have taken place lends strong sup- 
port to the theories of ancient transoceanic bridges or isthmian links as 
set forth in the next article by Willis. 
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HISTORY OF THE THEORY OF THE GONDWANA LAND BRIDGE 


As stated earlier in this paper, the first to make a world paleogeographic 
map was Jules Marcou in his “Lettres sur les Roches du Jura,” published 
in 1860. This map, based on the then known formations and fossils of 
the Jurassic, connects all of North America and much of South America 
with Africa and extends the latter across the Indian Ocean to embrace 
Peninsular India, southeastern Asia, all of the East Indies, and Australia. 
As we now see, Marcou’s lands are entirely too extensively conceived, 
nevertheless the conception of Gondwana Land is indicated thus early, and 
it was largely based, as was the land shown later by Neumayr, on the dis- 
tribution of the ammonites. 

In 1886-1887 appeared Melchior Neumayr’s two-volume “Erdge- 
schichte.” In the second volume, on page 336, is his well-known world 
paleogeographic map of Middle Jurassic time, which is here reproduced 
as figure 1, because it is the basis of all subsequent maps of a similar 
nature. What Neumayr called the Brazil-Ethiopian continent and the 
Indo-Madagascar peninsula is a part of what Suess subsequently named 
Gondwana Land. 

Dana in his “Manual” (1895) tells how Oldham (1894) was struck 
by the absolute identity of the Permian and Triassic plants of India and 
South Africa, and by the similarity of the reptilian dicynodonts of the 
two continents. These facts and others led him to believe in a land 
across the Indian Ocean connecting India and South Africa throughout 
Mesozoic time and sinking beneath the sea in the Cenozoic era. Dana 
discusses this land bridge on pages 737, 873, and 937, but is not disposed 
to accept it. 

The great master of Geology, Eduard Suess, in his classic “Das Ant- 
litz der Erde,” published between 1885 and 1909 (English translation 
1904-1909), said of Gondwana Land: 

“This comprises: South America from the Andes to the east coast between 
the Orinoco and Cape Corrientes, the Falkland islands, Africa from the south- 
ern offshoots of the Great Atlas to the Cape Mountains, also Syria, Arabia, 
Madagascar, the Indian peninsula, and Ceylon” (IV, 1909, page 500). “We 
call this mass Gondwana-Land, after the ancient Gondwana flora which is com- 
mon to all its parts” (I, 1904, page 596). This land, then occupied what is 
now the present tropical Atlantic Ocean, “first clearly discernible towards the 
close of the Carboniferous period, is now represented by three fragments, Africa, 
India and Australia” and South America. The process of breaking up con- 
tinues to a comparatively late period (Il, 1906, page 254). 

“Gondwana-Land is bounded on the north by a broad zone of marine de- 
posits of Mesozoic age. This zone extends from Sumatra and Timor through 
Tongking and Yunnan to the Himalaya and the Pamir, Hindu Kush, and Asia 
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ANTARKTISCHER OZEAN 


FiGcuRE 1.—Neumayr’s celebrated paleogeographic Map of Jurassic Time 


From his Erdgeschichte, 1887, page 335. Note vast width of Gondwana Land, and Indo-Madagascar peninsula. 
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Minor. It must be regarded in its entirety as the relic of a sea which once 
extended across the existing continent of Asia. It was termed by Neumayr 
the ‘Central Mediterranean’, and we shall speak of it in the following pages 
as the Tethys. The existing Mediterranean of Europe is a remnant of the 
Tethys” (III, 1901, page 19). 

On Gondwana Land “we find representatives of the different stages of the 
Gondwana flora, and from India to South America we meet with reptiles 
which have reached a similar level of development. With the exception of 
certain encroachments of the upper Cretaceous, no sea has extended over this 
continent . . . since the Carboniferous period” (IV, 1909, page 663). 

“A possible continental junction [in Africa] may be sought between lats. 
15° and 4° N., that is, in the bight of Biafra and to the north of it, but the 
possibility of its existence as far as lat. 5° S. is not excluded. . . . These 
facts show that it is the two parts of South America and Africa at present 
projecting farthest into the Ocean which afford the strongest suggestion of 
having been originally connected” (IV, 1909, page 666). 


It is well known that Suess held the Pacific Ocean to be of very ancient 
origin—the Father of Oceans—and that the lands surrounding it are 
framed nearly throughout by fold mountains, while the lands surround- 
ing the Atlantic and Indian deeps are as a rule not so bounded and these 
basins attained their present forms during Cenozoic time due to the 
downbreaking of lands that once occupied them. He saw the appearance 
of modern geography with the downbreaking of the land bridges in the 
Indian Ocean in early Jurassic time, and those of the Atlantic in the 
Cretaceous. Accordingly, the high stand of all the continents toward 
the close of the Mesozoic when the oceans were withdrawn from all of 
them is but the corollary of the general deepening of all the great basins. 
Therefore we can say that western Gondwana and eastern Lemuria began 
to break down into the Atlantic and Indian oceans during the earliest 
Cenozoic, and that most of these lands had gone into great depths by 
the close of Miocene time. In the earlier Cenozoic era it may well have 
been that many islands and shallow-water banks, large and small, existed 
where western Gondwana and Lemuria had stood. 

The theory of Gondwana Land across the Atlantic was discussed ably 
and at great length by Gregory (1929) in his Presidential Address be- 
fore the Geological Society of London. He has long been an upholder 
of this theory. The Atlantic basin, he says: 


“is not a fold-valley; it cuts across many folds, and there are none parallel 
to it. It is a long sunkland. . . . As the main subsidence of the Atlantic 
began in the Upper Cretaceous and was completed after the Miocene Period, 
it was one of the great earth-features coincident with the upbuilding of the 
mountains of the Alpine system and of Western America” (page cxxi). 
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This address stimulated Von Ihering to restate his well-known theory 
of Archhelenis (Quarterly Journal of the Geological Society, London, 
volume 87, 1931, pages 376-391), in a book that gives much biogeographic 
evidence. 


HOW CAN GONDWANA LAND BE SUBMERGED INTO OCEANIC DEPTHS? 
Barrell answered this question as follows: 


“The small content of radioactive elements in the basaltic shell or astheno- 
sphere below the granitic crust of the continents would then supply that slow 
increment of heat which is necessary to generate new molten rocks. 
Reservoirs of molten rock gather until their mass, combined with their de- 
creased density in the fluid form, enables them to work their way into and 
through the lithosphere and demonstrate their existence in igneous activity 
at the surface of the earth. The magma which thus comes from the greatest 
depth and in greatest volume would, because of the initial density stratification, 
produce a notable increase in the density of the outer crust. In order to re- 
establish isostatic equilibrium, such a region must subside” (1927, page 287). 


As editor of this posthumous paper, Longwell says: 


“The proposed mechanism has been criticized on the ground that vertical 
intrusion can only transfer matter from one part of the lithosphere to an- 
other, without altering the average density and so disturbing isostatic balance. 
The fallacy of this objection will be evident to the reader of this paper, as 
one of Barrell’s fundamental postulates places the source of the great basic 
intrusions below the level of isostatic compensation. On this assumption the 
density of the intruded lithosphere is necessarily increased, and the results 
outlined by Barrell are in full accord with the doctrine of isostasy” (page 
284). 


Barrell then goes on to say that North American geologists hold strictly 
to Dana’s theory of the permanency of the continents and ocean basins, 
whereas European workers in general stand by the older view that ocean 
basins are broken-down portions of the granitic shell. Such broken down 
areas are, he says, the Red Sea, Aegean Sea, Caspian Sea, Davis Strait, 
Gulf of California, Death Valley, the Rift Valleys of eastern Africa, and 
Mozambique Channel. The margins of the Atlantic and Indian oceans 
clearly show downbreaking. Accordingly, he 
“accepts the European view, since, in spite of its difficulties, it yet accounts 
for many geological relationships. If continental fragmentation is real, it 


has a strong bearing upon the general problem of the origin of ocean basins” 
(page 288). 


Willis, in the accompanying article, now presents the argument for the 
permanence of continents and ocean basins in a new light, recognizing the 
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former existence of land bridges extending from continent to continent, 
but limited to the margins of oceanic deeps where now are suboceanic 
ridges. 

WHEN DID THE GONDWANA LAND BRIDGE BREAK DOWN? 


Krenkel (1925) and Fourmarier (1926) are the leading authorities 
on the general geology of Africa. The former thinks that the Atlantic 
portion of Gondwana, which he calls Atlantis, was surely intact up to 
the close of the Permian, and that the same is true for Lemuria, which 
united southeastern Africa across Madagascar to India. The down- 
breaking of western Gondwana he thinks may have begun in the Permian, 
because of the presence of marine strata of this time in Southwest Africa, 
but the writer would interpret this record as the overlapping of Nereis 

== southern Atlantic) on a part of southwestern Africa. There is also 
a little marine Triassic in the Congo basin (Diener, 1915, calls it Congo 
Gulf), but farther north the transatlantic land was still intact and it is 
at this place that the writer begins the bridge. Then in late Jurassic 
and Cretaceous times (Cenomanian and Turonian) appear the overlaps 
of the southern Atlantic from the Gulf of Guinea south to Mossamedes 
in Portuguese West Africa, and finally at the end of the Cretaceous all 
of the bridge north to the Mediterranean appears to have been permanently 
separated from Africa. 

Along the east coast of South America the North Atlantic (= Posei- 
don) began to invade Brazil in Middle and Late Cretaceous time, so that 
we may assume the permanent separation to have also taken place here 
at the end of the Cretaceous. From the nature of the Miocene faunas in 
the Greater Antilles, which have so much in common with those of the 
Mediterranean, we may assume with Krenkel that western Gondwana was 
represented throughout earlier Cenozoic time by more or less widely 
spaced islands or banks, making it still possible for marine larval life to 
disperse westward into the Americas and eastward into the Mediterranean, 
but impossible for the larger land vertebrates to migrate across the island 
archipelago. This meets the objections of Matthew (1911) and other 
mammalogists who hold that there was no Atlantic bridge during Ceno- 
zoic time. 

In his “Traité,” Lapparent (1906) lays the breaking up of western 
Gondwana toward the close of Albian time. Later there was here, he 
says, an island archipelago, for in Venezuela and Colombia the late Creta- 
ceous faunas still have striking resemblances to those of the Mediter- 
ranean. Haug’s “Traité” (1911) also favors this view. Koken (1912) 
breaks up Gondwana in late Neocomian time. The paleobotanists White 
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and Knowlton call for this land bridge as necessary for the dispersal of 
the Glossopteris flora. 

Off northwestern Africa are the Cape Verde and Canary islands, whose 
rocks show them to be continental in character and therefore parts of 
Africa. The Canaries have marine Upper Cretaceous, and the volcanic 
Madeiras farther north have Miocene strata, showing times of Atlantic 
overlap. On the other hand, south of the Equator and far out in the 
Atlantic are the Tristan da Cunha group, Saint Helena, and Ascension, 
all volcanic islands, but having in their agglomerates fragments of granites 
and schists which show their basements to be of continental rocks. Their 
continental connection is discussed by the late Professor E. H. L. Schwarz 
(1906), who sees in them evidence for the Atlantic land bridge. Daly 
confirms the finding of granitic pieces in the agglomerates of Ascension 
Island and saw one piece 2 feet across. (See his reports on Ascension 
(1925) and Saint Helena (1927), and that of Washington (1930) on 
Saint Paul’s rocks.) 

Lemuria, intact at least to the end of the Permian, began to submerge 
and separate from Africa in Lower Triassic time and was completely 
separated from it in the late Mesozoic. This subsiding is first seen in 
northwest Madagascar in the late Triassic, and the island was entirely 
separated in Senonian time. 


CONCLUSIONS 


The writer’s colleague, Professor Willis, feels that the previous pages 
still show the influence of the Suess or continental type of transoceanic 
land bridge, and that the writer has not expressed the idea of isthmian 
links as defined by him. He says that if the land bridges are of con- 
tinental character, they should be of continental rocks and structure, 
which has been the writer’s conception of them. Recognizing, however, 
the great difficulties in submerging land bridges of the dimensions drawn 
by Suess, Neumayr, and others, the writer has for more than ten years 
portrayed Gondwana as very much smaller than shown by most authors, 
thinking it easier to sink smaller continental-like masses than much 
larger ones. 

On the other hand, isthmian links are postulated by Willis as up- 
thrusted masses comparable to mountain chains, but with a tendency to- 
ward a more basic composition. He asks: “Why should not a cordillera 
be raised in the ocean bed, in such a position as to link together tempo- 
rarily the permanent continental lands?” The writer has no objection 
to this postulate, since the mid-Atlantic ridge appears to him to be of 
the nature of a cordillera, but as to the probable internal composition of 
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isthmian links, he is not well enough grounded in physical geology and 
geophysics to have authoritative views as to the nature of their rocks and 
the manner of their origin ; but he is controlled by the vast abundance of 
facts in biogeography, and accordingly must have transoceanic land 
bridges to make possible the intercontinental spread of life. The prob- 
lem of the making and unmaking of the bridges he leaves to the geologists. 

The land bridges of most biogeographers are altogether too wide, and 
as such should give wnlimited means for intercontinental floral and faunal 
migrations. This, however, is just what has not happened across the 
trans-Atlantic bridge from northern Africa to Brazil. The best evidence 
here for a wide bridge is the complete spread of the Glossopteris flora 
of Permian time, but it could probably just as well have spread across a 
narrow one, the width of a mountain range and low valleys. Among the 
land animals, it is the invertebrates, all small forms, that are in greatest 
evidence (molluscs are the most conclusive), while of the large verte- 
brates, such as the reptiles and the mammals, but few have ever been 
pointed out by biogeographers. The writer, in fact, knows of no dino- 
saurs of the Jurassic or Cretaceous having used this bridge, even though 
large animals can spread both ways over an isthmian link, as is attested 
by the abundant interchange across Panama during Pliocene times, 
when mammals the size of elephants, horses, and camels spread into South 
America, and great sloths wandered into North America. Accordingly, 
an isthmian link with a dry land surface of 100 miles across, more or 
less, is wide enough to permit intercontinental exchange of plants and 
animals. 

Under the hypothesis of isthmian links, and guided by the submarine 
elevations between the several basins of an ocean, we are now presented 
with a postulate that enables us to indicate land bridges more firmly than 
heretofore. Surely there were other bridges than the two discussed in 
this paper. On the other hand, all the sunken bridges should still be 
more or less plainly indicated on the oceanic bottoms as highs between 
the ocean basins. Now that sonic sounding is coming more and more 
into use, we shall soon have oceanographic charts that will, with the 
further help of the isthmian link postulate, help us to a sound under- 
standing of land bridges and biogeographic connections. 

Under the popular concept of the continental type of land bridges, 
the writer held that the Atlantic part of Gondwana originated in the pre- 
Cambrian, continued as wide land throughout the Paleozoic and Meso- 
zoic eras, began to subside beneath sealevel in late Mesozoic time, and 
was deeply submerged by the close of the Miocene. Under the 
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hypothesis of isthmian links, however, this bridge is to be looked on as 
a far narrower one above sealevel, originating during some dynamic time, 
and, like land cordilleras, probably was vertically reelevated several times 
later on. Unlike continental cordilleras, on the other hand, the submarine 
part of such isthmian links can not be eroded away, but can be lowered 
through subsidence of the bases. The known marine biogeographic facts 
demand that the Brazil-Guiana link be present at least as submarine 
banks as early as the Silurian and long afterward, as land at least during 
Permian-Triassic times, making possible intercontinental migration of 
plant and animal life, and that it be completely submerged to great depths 
during the Miocene. Accordingly we may say that this link originated 
with the dynamic time toward the close of the Proterozoic, was accen- 
tuated by the Caledonian-Acadian and the late Paleozoic unrest, and 
sunk by the late Mesozoic and Cenozoic crustal adjustments. Other links 
might be of much shorter endurance, but all should show more or less 
of their former presence as ridges between the deep basins of the various 
oceanic bottoms. 


Part IJ.—BioGeoGRAPHIC EVIDENCE 
SUMMARIES OF BIOGEOGRAPHIC LITERATURE 


Anyone wishing to learn what living animals and plants show in re- 
gard to the Gondwana land bridge across the Atlantic will find an 
abundance of such evidence presented in the comprehensive two-volume 
work by Arldt entitled “Handbuch der Palaeogeographie” (1919-1922), 
and in Scharff’s “Distribution and Origin of Life in America” (1912). 
This detail need not be repeated here. The evidence must necessarily 
be of a scattering nature, because there has been no possibility of an 
interchange of land plants and land animals during all of Cenozoic time 
between Africa and South America. Nevertheless, genetic characteristics 
of Mesozoic time, seen in some of the living plants and animals on the 
two sides of the Atlantic, are indicators of the land bridge, even though 
these ancient family ties are now much masked by an overgrowth of more 
modern features. By the biologist these masked genetic connections are 
fully appreciated, but it is difficult to make them understandable to the 
geologist. 

Arldt concludes : 


“All these numerous biogeographic facts that we have mentioned show 
what difficulties the relict-hypethesis presents, and that the present disper- 
sion of the stocks cited is far easier to explain by the postulate of a South 
Atlantic land bridge [connecting Africa to Brazil]. This does not mean, how- 
ever, that every case cited is proof of this land bridge” (page 223). 
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Scharff says that the numerous examples of the present life which he 
cites indicate— 
“that there exists a perfectly recognizable faunistic relationship between 
tropical Africa and tropical South America. Nevertheless this relationship 
rarely extends to genera and species. . . . The faunas of Africa and South 
America as a whole are thoroughly distinct. . . . Consequently we must 
eonclude with Dr. Ortmann and several other authors who have definitely 
expressed themselves on the geological age of the former land bridge between 
South America and Africa, that the latter ceased to exist before Tertiary 
times” (1912, pages 382-383). 


Another summarizing work is “Die Geschichte des Atlantischen 
Oceans,” by H. von Ihering, Jena (Fischer), 1927. 

After the publication of the far-reaching series of volumes entitled 
“Biologia Centrali-Americana,” recording 38,637 species and describing 
18,051 forms in 1,373 genera, the bearing of this work on the theory of 
the Gondwana land bridge was discussed in a symposium before the 
Zoological Society of London under the presidency of Professor Mac- 
Bride (Proceedings, 1916, volume 2, pages 541-551). Much of this vast 
mass of living animals bears testimony to a former land connection be- 
tween South America and Africa, and the interested student is referred 
to this report. 

The distribution of insects (especially certain of the Coleoptera) and 
its bearing on continental connections is discussed in several recent papers 
by Professor Réné Jeannel, who is one of a group of zoologists contributing 
to the Compte Rendu of the Société de Biogéographie, founded at Paris in 
1924. 


RECENT AND CENOZOIC INVERTEBRATES OF THE TROPICAL ATLANTIC 


Many paleontologists and malacologists have remarked on the striking 
similarity of the West Indian-Central American faunas to those of the 
Mediterranean during Miocene, Oligocene, and Eocene times. Von Iher- 
ing has listed 581 species of molluscs as living along the coast of Brazil, 
54 of which are known both in the Antillean islands and along the African 
coast, while 72 are common to the African and Brazilian seas. Dautzen- 
berg (1910), on the other hand, lists 352 living species of shelled molluscs 
off the coast of northwest Africa, and of these 15 forms in 14 genera are 
also found in the Antilles. This distribution, the latter thinks, must 
have taken place by means of larvae transported by the equatorial currents 
that go across the Atlantic (see, on this point, Part III). 

A later paper by Odhner (1923) reports 850 living species in the 
marine littoral of the West African coasts. Of these there are of endemic 
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forms 540 (63 per cent) ; in common with the Mediterranean area 175 
(20 per cent) ; and with the West Indies about 62 (7 per cent). Odhner 
thinks this distribution is due to a transverse land bridge and to equa- 
torial currents. On the other hand, 50 per cent of the land molluscs 
of Ascension and Saint Helena are the same as those of the West Indies, 
and in this case a meridional land extending southward from the trans- 
Atlantic bridge is hypothecated (see A, plate 24). This is also the view 
of Dall (1896) and Pillsbry (1905). This meridional land over the 
present site of the mid-Atlantic ridge, according to Odhner, has been 
discussed from the standpoint of geology by Jaworski (1921) and by 
Kober (1921), who regards the ridge as a sunken chain of mountains. 

According to Kiikenthal, almost nothing of the West Indian life at- 
taining Bermuda gets to the Azores or the east coast of the Atlantic, 
since the duration of individual larval life is apparently altogether too 
short for it to be spread across an ocean by the most favorable currents 
of the present oceans. On the other hand, he points out that of the 9 
species of gorgonians in the Mediterranean 4 also recur in the West Indies. 
The same relationship is shown by the actinians and the ascidians. This 
distribution, in his opinion, could have taken place only along the shore 
or island stations of former Gondwana (1919, page 222). 

The Bowden (== late Middle Miocene) molluscan fauna of the Antil- 
lean region is known to have at least 610 species (Woodring, 1928) and 
of these 484 are specifically named (298 gastropods, 15 scaphopods, 171 
bivalves). These species are grouped in 315 genera, most of which are 
still living in the West Indian waters, and of present living species there 
are at least 25, though it would be easy to point out 50 additional ones 
that are very similar to Recent kinds. 

The remarkable thing about this Miocene fauna in the present con- 
nection is its striking generic likeness to the shell faunas of the same 
age in the Mediterranean region, especially the Piedmont basin of Italy. 
As Woodring says: 

“It seems unreasonable to believe that so many indistinguishable genera 
[30], representing many families [13], in the two regions are the result of a 
similar unfolding of genetically unrelated stocks. Therefore it is assumed that 
these genera are genetically identical and that their occurrence in both regions 
is the result of migration. . . . They could not have migrated around the 


northern border of the present Atlantic basin during Miocene time,” because 
this region has temperate and therefore different faunas. 


Many of the tropical genera do not occur in older formations, but a 
few do so on one side or the other of the Atlantic. This distribution 
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can not be due to a free-swimming larval stage long enough to permit 
of crossing the tropical waters of the Atlantic unless “a series of shoal- 
water banks or islands extended across the southern border of the north 
Atlantic” (1924, page 430). 


LIVING BRACHIOPODS 


Blochmann holds that when living brachiopods are carefully studied 
they show a definite zoogeographic distribution, because after their larval 
metamorphoses and subsequent to their fixation these animals have no 
powers of movement, and all of their radiation must take place during 
their short larval free-floating condition. 

Gryphus cubensis and Terebratulina cailleti of the West Indies also 
occur on Ascension Island of the eastern Atlantic, a remarkable case of 
discontinuous distribution. Gryphus sphenoideus of the Mediterranean, 
according to Blochmann, is closely related to G. cubensis of the West 
Indies, and accordingly is indicative of the land bridge across the Atlan- 
tic. He discusses these species and their distribution at some length 
and comes to the positive conclusion that they must have spread along 
the shallow waters fronting a continuous Gondwana or by means of an 
island archipelago composed of remnants of this land bridge (1908, page 
635). 

Thomson leans the same way. He says: 


“Cases of discontinuous distribution of the shallower-water forms have 
therefore a profound significance, and permit conclusions as to former land 
connections to be drawn” (1927, page 47). 


Schuchert, in a survey of the distribution of living brachiopods— 


“shows clearly not only the former existence of equatorial Gondwana across 
the Atlantic, but as well that its vanished Atlantic bridge still controls the 
distribution of living forms. We see that the genera of the northern Atlantic 
(Poseidon) distributed themselves in one direction, more or less widely 
throughout the northern hemisphere and in another pathway eastward into 
the Indian Ocean by way of the northern shore of Gondwana, but the main 
drift was far more decidedly westward along the same land by way of the 
Antillean region into the Pacific, and thence in the main down the west 
coast of South America into the Antarctic realm” (1911, page 275). . 


To show the close relations between the living brachiopods of the West 
Indies, the Mediterranean, and the eastern Atlantic coast to the north 
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and south of the Mediterranean, the following data, based on Thomson 
(1927), may be cited: 


Crania anomala, Portugal to Norway (18-808 fathoms). Genus fossil since 
the Ordovician. C. anomala pourtalesii, Florida and Cuba (116-226). 0. 
lamellosa, C. kermes, C. rostrata, Mediterranean. 

Thecidellina barreti, West Indies (60-163). Also Pliocene of Jamaica. 
Genus fossil since the Miocene. 7. mediterranea testudinaria, Miocene of 
Italy. 
Hispanirhynchia cornea, England to Canaries (240-1102). Genus fossil since 
the Eocene. H. craneana, Gulf of Panama (1175). Three species fossil in 
Eocene and Pliocene of Italy. 

Gryphus cubensis, Cuba (88-2690). G. bartletti, West Indies. Genus fossil 
since the Miocene or earlier. G. vitrea, Mediterranean and eastern Atlantic 
(40-1465). G. sphenoideus, Portugal (200-1094). 

Liothyrella uva, Gulf of Tehuantepec, Peru, Magellan (18-600). Genus fos- 
sil since the ?Miocene. JL. afinis, Mediterranean, Azores, Florida (294-440). 
Also Pliocene in Italy and Algeria. JL. winteri, St. Paul I. in Atlantic (371). 

Dyscolia wyvillei, West Indies (390), E. Atlantic (660-1051), Indian O. (719). 
Genus fossil since the Pliocene. D. subquadrata, Portugal (500-600). 

Argyrotheca lutea, Florida and West Indies (30-127), Rio Janeiro (70). 
Fossil in Oligocene of Europe, Miocene of Mediterranean countries and St. 
Bartholomew of Lesser Antilles. A. barretiana, West Indies and Florida (48- 
641), Rio Janeiro (70). <A. schrammi, West Indies (25-125), A. schucherti, 
Miocene of Florida. A. bermudana, Bermuda. A. cordata, Mediterranean 
(60-100). A. cistellula, Pliocene of England, living Norway to Bay of Biscay 
(1-45), Sardinia, Sicily. A. cuneata, Pliocene of Italy, living in Mediterranean 
(9-69), Canaries (28-200). 

Platidia anomioides, Miocene of Vienna, Pliocene of Italy, living in Mediter- 
ranean (40-120), E. Atlantic (218-650), Florida, West Indies (88-645). Genus 
fossil since the Cretaceous. P. anomioides radiata, West Indies (218) and 
California (50-200). 

Pantellaria monstruosa, Pleistocene of Italy, living in Mediterranean and 
FE. Atlantic Cape Breton to Azores (233-1389). Genus fossil since the Miocene. 
P. echinata, west coast Africa (331-427), Barbados (100), Florida, Cape of 
Good Hope (224). 

Dallina floridana, Florida, Gulf of Mexico, West Indies (90-310). Genus 
fossil since the Miocene. D. septigera, Miocene to Recent, Atlantic to Nor- 


way, Canaries (20-784), Mediterranean. 


LIVING CRUSTACEA 
Frem the distribution of living crustaceans, Geoffrey Smith concludes: 


“Another connexion, at any rate during early tertiary times, which prob- 
ably existed between now isolated tropical coasts, was across the Atlantic from 
the West Indies to the Mediterranean and West African coasts [by means of 
an archipelago of islands]. Numerous facts speak for this connexion. Spe- 
cies of Palinurus and Dromia occur in the West Indies and the Mediterranean, 
which only differ from one another in detail, and a connexion between these 
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two regions has been urged from the minute resemblances of the late Creta- 
ceous Corals of the West Indies with those of the Gosau beds of S. Europe, 
and also of the Miocene land-molluses of S. Europe with those at the present 
time found in the West Indies” (1920, page 202). 


Smith then argues for a latitudinal arrangement of the lands to ex- 
plain the distribution of the circumtropical crustacea. 

Dr. Mary J. Rathbun has issued in the series of U. S. National Mu- 
seum bulletins three large volumes on crabs living on either side of the 
Americas: on the grapsoids (Bulletin 97, 1918), the spider crabs (Bulle- 
tin 129, 1925), and the cancroids (Bulletin 152, 1930). Of analogous 
pairs of species on the two sides there are 115, and in addition there are 
34 forms living in both Atlantic and Pacific oceans. These figures show 
that crabs, through their larval life and through their swimming ability, 
have ready means for wide dispersal. It is, however, not the widely 
dispersed forms that are most valuable in detecting land bridges, but 
rather the more circumscribed ones. In a letter of April 7, 1932, Doctor 
Rathbun writes: “There is ample evidence of a bridge between South 
America and Africa.” 

MESOZOIC AMMONITES 


According to Diener (1912), most ammonites were good swimmers and 
were capable of raising and lowering themselves with relation to the sea- 
bottom, and but few, highly modified forms crawl over the bottom. Their 
shells are very thin, usually narrow and keeled, and some have hollow 
spines, all of which aid in suspension. Probably none at maturity were 
pelagic or open-ocean animals, and all lived in the shallow epeiric seas 
and along the continental shelves. After death they soon fell to the 
bottom, where the shells remained, as the soft body is not easily detached 
frcm the shell (because of the complicated septal flutings) as in Nautilus. 

All ammonite workers dwell on the remarkably wide distribution of 
the genera and even of the species, and their extraordinary value in chro- 
nology and the establishment of faunal realms. From the Permian to 
the end of the Cretaceous they are probably the best guide fossils in 
marine invertebrate stratigraphy. 

The most convincing evidence in favor of western Gondwana comes 
from the marine ammonites of the Mesozoic. The zonal sequence of 
many of the genera of southern Europe, and even of some of the species, 
is repeated in western Cuba, throughout Mexico, and in South America 
from Venezuela and Colombia throughout the Andean geosyncline. This 
wide repetition of faunal sequences, beginning in the Triassic and most 
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marked during the Jurassic and early Cretaceous, is proof positive that 
there was a shoreline across the tropical Atlantic, along which these 
benthonic types dispersed. While the spreading was mainly from east 
to west in harmony with the equatorial current, yet, as Burckhardt 
(1930) has pointed out, there are American genera that have spread east 
into the Mediterranean countries. While the ammonites of the Antil- 
lean-South American formations show this communication with Europe 
best, it is also seen, though less strikingly, among the molluscs, corals, 
and other groups. 

In his synthetic study of the Mesozoic formations of Mexico, Burck- 
hardt (1930) sets forth in many places the intimate ammonite connec- 
tions with the Tethyian region of southern Europe and northern Africa. 
These are noticeable in the late Triassic and very marked in the prolific 
faunas of the long sequence from the Middle Jurassic into the late Creta- 
ceous. They are best seen in the identical and closely allied genera, and 
more rarely among the species. 

In the late Jurassic of both sides of the ocean, the genus Nebrodites 
has its chief development in the Kimmeridgian. Jdoceras has some repre- 
sentatives in the Middle Jurassic (Oxfordian), but its chief development 
took place in the Kimmeridgian. Streblites shows in both regions a great 
expansion in the Kimmeridgian; in Mexico it is unknown in older beds, 
but in Europe one finds precursors of it from the Middle Jurassic (Cal- 
lovian) on. Spiticeras begins in France in the latest Jurassic (Titho- 
nian), with the maximum development at the base of the Lower Creta- 
ceous (Berriasian). In Mexico the stratigraphic sequence is analogous; 
in the Upper Jurassic (Portlandian) one finds numerous Proniceras (a 
closely allied genus), and in the Lower Cretaceous (Berriasian) a great 
richness of Spiticeras, whereas in the Valanginian proper there is not 
the least trace of the genus. In Europe, Astieria is very rare in the 
Berriasian, has its greatest development in the succeeding Valanginian 
and Hauterivian, and vanishes with the latter epoch. In Mexico this 
genus has a great development in the Valanginian and is not known in 
the Berriasian. Streblites and Aspidoceras have spread from Europe 
to Mexico, and in the reverse direction came Idoceras and Proniceras. 

In the Lower Cretaceous (Valanginian) the intercommunication is 
seen in Astieria, Neocomites, Acanthodiscus, Thurmannites, and Kilia- 
nella. In the younger Barremian there are decided affinities in Desmo- 
ceras, Puzosia, Pulchellia, Costidiscus, Holcodiscus, and Lytoceras. In 
late Lower Cretaceous (upper Aptian) time there are in common Puzosia, 
Dufrenoyia, Douvilléiceras, Parahoplites, and Uhligella. 
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In the Middle Cretaceous, the intermigration is seen in Lytoceras, 
Ptychoceras, Turrilites, and Hamites. In the more neritic faunas of 
northeastern Mexico, the following forms show relations with North 
Africa: Acanthoceras brazoense (near A. aumalense), Scaphites subevolu- 
tus (near S. evolutus), Engonoceras bravoense (near EF. thomasi), Euhy- 
strichoceras remolinense (near E. nicaiset). 

The intermigration continues into the Upper Cretaceous (Turonian), 
as seen in Mammites (Metoicoceras), Pseudaspidoceras, Vascoceras, Tylo- 
stoma, Fagesia, Neoptychites, and Hoplitoides; in the Turonian and the 
younger Emscherian in Barroisiceras, Peroniceras, Scaphites. There 
are also many genera of molluscs common to the two sides of the Atlan- 
tic, as Hrogyra, Cerithtum, Actaeonella, Nerinea, Voluta, etcetera. 

After studying the Triassic cephalopods for more than twenty years, 
Diener (1915) issued his famous work on the marine provinces of this 
period throughout the world, which has a paleogeographic map of late 
Triassic time. He concludes that ammonites in their dispersion follow 
shorelines, and he does not believe that many forms of these shells were 
ever floated far by current after death. He thinks that a species may, 
very rarely, have crossed an ocean while alive. In the Triassic only 15 
genera have a world-wide distribution, and but two species occur very 
widely dispersed (Ceratites nodosus and Tropites subbullatus). 

Diener does not doubt that Africa outside of the Atlas lands, and pos- 
sibly a portion of the Congo basin, was united throughout all of Triassic 
time with the whole of eastern and southern South America. The wide 
similarity of the Norian coral faunas of the Mediterranean and the Pacific 
geosyncline from California north to Cooks Inlet, Alaska, at 60 degrees 
north, shows that the faunas must have spread from the east to the west 
by way of the north shore of Gondwana. 

In 1911, Uhlig, another student of ammonites, published a world 
paleogeographic map combining the Jurassic and the older Cretaceous, 
and following more or less the outlines as determined by Neumayr. 
This map is here reproduced as figure 2. Uhlig accepts the continent 
of Gondwana and the peninsula Lemuria. The mediterranean Tethys 
is continued across the Atlantic area into the Antillean-Mexican region. 
From the latter area extends the Andine realm divided into two provinces, 
the southern one extending from Patagonia north to California, and a 
northern one thence into the Arctic Ocean. Another part of the south- 
ern Andine realm is represented in South Africa by the Uitenhage forma- 
tion. On the east of Gondwana is the Madagascar-East African province 
which extends into the Himalayas of eastern Tethys, the latter continuing 
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Figure 2.—Uhlig’s paleogeographic Map of late-Jurassic-early Cretaceous Time, showing Extent of Continents and various faunal Realms. 
Printed in 1911. Based in the main on ammonites. From Kayser’s “Abriss,” third edition, 1922, page 393. 
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southeast into Australasia. To the north of Africa is the vast Mediter- 
ranean-Caucasus province of western Tethys. 

In the extreme south and the southeast of the African continent there 
oceurs, according to DuToit (1926), a long series of detrital deposits 
beginning with the Lower Cretaceous (Uitenhage series) and closing with 
the Upper Cretaceous (Danian). The Uitenhage series (Sundays River 
beds) is rich in bivalves and ammonites (Hamites, Hoplites, and sev- 
eral forms of Holcostephanus). The Trigonias (9 species) are closely 
related to those of Cutch, India, and likewise of German East Africa 
(Tanganyika) and Madagascar, showing connections with eastern Tethys 
and not with the western part of this mediterranean. Some of this 
Uitenhage fauna (including Holcostephanus in 3 species) recurs in Bo- 
livia, Chile, and Argentina, proving a migration route along the southern 
side of Gondwana. On the other hand, the flora of the Uitenhage is like 
that of the uppermost Gondwana series of India, indicating continuous 
land between those places. 

Gregory (1922) presents a paleogeographic map of the Atlantic Ocean 
and bounding lands, showing a wide Gondwana bridge during Middle 
Cretaceous (Albian) time. 


OTHER MESOZOIC EVIDENCE 


Echini.—The Cretaceous echini of North America as a whole, accord- 
ing to Gregory (1892), present “a very familiar facies to a European 
echinologist.” Most of the genera are common to the two sides of the 
Atlantic, but it is only in the Lower Cretaceous of the Gulf of Mexico 
and Antillean regions that three species are common European forms; 
these are Diplopodia malbosi, Salenia prestensis, and Pseudocidaris saus- 
suret. 

During Upper Cretaceous time the echinoids on either side of the 
Atlantic began to differentiate and to have their own evolution. This 
went on until Miocene time, when the echini of the two sides in the same 
latitudes again took on a common expression, shown in Cidaris melitensis, 
Schizaster parkinsoni, and S. scellae. Gregory therefore holds that there 
must have been in Miocene time shallow-water areas close enough for 
the echinoid larvae to spread from one island or bank to another. 

Land molluscs.—Pilsbry (1911), in his discussion of the living land 
molluscs of Patagonia, finds much evidence in their ancestral evolution 
for the existence of Gondwana Land all through the Mesozoic era to near 
the end of Cretaceous time, when the Atlantic Ocean broke through. These 
air-breathing and fresh-water bivalves originated back in the late Paleo- 
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zoic and evolved and spread throughout the great northern continent of 
Holarctica and tropical Gondwana as well. On page 632 Pilsbry presents 
a map showing the migration routes during Mesozoic and Cenozoic time. 

Marine mammals.—These mammals also furnish evidence of a former 
Gondwana. Andrews follows this theory and believes that there was an 
island archipelago here in the earlier Cenozoic. Such a connection be- 
tween Africa and South America, he says, “would account for a number 
of curious facts of distribution” (page 306). He mentions several of 
these, among them the occurrence of the marine mammal Zeuglodon and 
the snake Pterosphenus in Alabama and Egypt, showing marine shallow- 
water connections in late Middle Eocene time. In addition, sirenians 
occur in both Africa and South America (Egypt has Eotherium in the 
Middle Eocene). 

From a common source, placed by Abel in the Mediterranean, the 
dugongs migrated east in the Eocene, and the lamantins west. The 
former now occur in the Indo-Pacific, the latter in the tropical mes- 
atlantic region (Florida, Mexico, Antilles, Amazon and Orinoco, Dutch 
Guiana, western Africa, Senegal, Niger region). The lamantins cer- 
tainly could not have traversed the Atlantic Ocean directly, and, on 
the other hand, their migration was prior to the Miocene (Petit, Compte 
Rendu, Société de Biogéographie, number 6, 1924, pages 37-38). 

Land mammals of South America.—A detailed statement regarding 
the known Cenozoic land mammals of South America made by G. G. 
Simpson to the writer in a letter of April 11, 1932, points out that 
there is no positive evidence of migrations from Africa during this era. 
There is, however, good evidence for dispersal from North into South 
America during the late Cretaceous or earliest Eocene, and much strik- 
ing intermigration again took place between these continents during the 
Pliocene and Pleistocene. 

Triassic land evidence in South America.—At the top is the Upper 
Triassic (Sao Bento) series of igneous and continental formations (2,275- 
3,575 feet). Below is the Botucatu sandstone (0-325 feet), likewise of 
continental origin and having Hrythrosuchus, a reptilian genus also 
found in South Africa. Then follow the Rio do Rasto red shales (325- 
1,300 feet), again of continental origin, from which Von Huene (1929) 
has collected and described the following rhynchocephalians: Scaphonyr 
australis, 8. fischeri, Cephalonia lotziana, Cephalastron gondwanicum, C. 
brasiliense, Cephalastronius angustipinnatus, and Scaphonychimus eury- 
chorus. These are all of the family Rhynchosauridae, which has 12 spe- 
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cies, found in Germany (1), England and Scotland (3), India (1), and 
Brazil (7). The South American forms Von Huene refers to the Mid- 
dle Triassic and others to the Upper Triassic. Other rhynchocephalians 
are the Sphenodontidae (2 in Europe) and Gnathodontidae (4 in Middle 
Triassic of South Africa). The older Permian rhynchocephalians (9) 
are of the late Permian of South Africa. 

A cynodont reptile, closely related to those of South Africa, occurs in 
the same Brazilian formation (Gomphodontosuchus brasiliensis). 

As Von Huene is guided by the paleogeographic views of Benson, he 
concludes that in the early Mesozoic there was at times continuous land 
from southeast-Asia by way of Australasia to Antarctica, and that from 
there these reptiles spread into South America. To the present writer 
this Pacific bridge is an impossible one, and he holds it as more probable 
that the Permian rhynchocephalians, originating in South Africa, spread 
north into India and Europe, and west via the Gondwana bridge into 
Brazil. 

PERMIAN EVIDENCE 

Folded Pennsylvanian is of wide distribution in the high Andes, and 
undeformed strata of the same age cover wide areas in the Amazon Val- 
ley (the well-known faunas occur along the tributaries Tapajos and 
Trombetas). In both areas the marine biotas are closely related to those 
of the western United States. The Permian is of very wide distribution 
in eastern Brazil and is variable in thickness up to 3,950 feet. It is at 
the base that the tillites occur, and higher are impure coal beds; the 
whole appears to be of paralic origin, continental and estuarine, but in 
northwestern Argentina there are normal marine deposits. 

In the upper part of the Permian (lower Estrada Nova shales) occurs 
the later Glossopteris flora. Next below is the Iraty black shale, with 
the aquatic reptiles Mesosaurus, Noteosaurus, and Stereosternum, which 
probably lived in both brackish and marine waters. In any event, these 
black shales have coprolites that include remains of Hexactinellid 
sponges, organisms that live only in marine waters. The first two rep- 
tilian genera recur in South Africa in similar black shales (here with 
genuine marine invertebrates), showing that these animals had means 
for dispersal along the southern shore of Gondwana. In the lower part 
of the Brazilian Permian are the Rio Bonito coal measures with the typi- 
cal Glossopteris flora and a few marine inarticulate brachiopods. At the 
base are the tillites resting unconformably on Lower Devonian forma- 
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Concerning the wide distribution of the Glossopteris flora, David White 
remarks : 


“The occurrence of this flora in great uniformity, including an extraordi- 
narily high degree of specific identity, and in relative purity, contemporaneously 
in India, Australia, South Africa, and southern South America, leaves no re- 
course but to conclude that the land surfaces over which it extended [Gond- 
wana] were in such continuity, or intimate geographical relation, as freely to 
permit the migration of the flora, practically in toto, between all these quar- 
ters of the globe” (1907, pages 624, 625). 


All paleobotanists are agreed that the Glossopteris flora could have 
been distributed only over land surfaces, and not by means of accidental 
dispersion, but they are not agreed as to the land bridges. This flora 
is found in its entirety in India, Africa, Australia, and South America, 
and parts of it in Kashmir, Afghanistan, Persia, Tonquin, northern Rus- 
sia, Siberia, and the Falklands, with indications of it in Antarctica 
within 300 miles of the South Pole. Some paleontologists hold that the 
Glossopteris flora migrated across a land bridge from Brazil to Africa 
and thence to India, and others postulate a bridge from South America 
to Antarctica and another one to Australia from there. It is not even 
known where this flora originated (some paleobotanists think in Antarctica 
or Australia), but if it arose in South America or in India (the most 
natural place for the known distribution), it could have spread south into 
Africa and west into South America and southeast into Australia. 


DEVONIAN MARINE EVIDENCE 


The Helderbergian faunas of the Lower Devonian of eastern North 
America have more than 450 species. From New York south into Okla- 
homa they occur in the calcareous facies and their faunal connection is 
with Bohemia (Koniepruss). From New York northeast to Newfound- 
land, similar faunas are of a more muddy facies, with north European 
affinities that indicate migrations along the south shore of Eria. The 
northern facies is of the Saint Lawrence geosyncline, and of Germany 
and Belgium north of the old Podolian land of central Europe. 

The early Lower Devonian faunas give rise to the late Lower Devonian 
(Oriskanian) of eastern North America, and the Coblenzian of Germany; 
and there is likewise more or less intermigration of these later biotas 
along the North Atlantic shores. For southern European connections 
with North America at this time the evidence is not conclusive. How- 
ever, the interesting thing about these late Lower Devonian faunas of 
North Atlantic origin is that they are also found in the Amazon Valley 
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where they are very much like those of the United States, and in the 
Andine geosyncline of Bolivia and Peru (for more detail, see Schuchert 
1921, pages 343-347). Everywhere they are characterized by the brachio- 
pods Leptocoelia flabellites and early terebratulids. These are all of the 
North Atlantic realm, of the ocean Poseidon to the north of Gondwana 
Land. 

On the other hand, the late Lower Devonian of Bolivia, Argentina, 
Falkland Islands, and Cape Colony, according to Clarke— 
“bears a special and distinctive impress which is characterized as austral in 
contrast to the boreal aspect of homotaxial faunas north of the equator. ‘These 


distinctions consist in specific resemblances without identities; in parallel 
developments”; and in strange generic intrusions (1918, pages 7-8). 


The late Lower Devonian of Brazil in Clarke’s boreal realm has about 
170 species, while that of the austral realm in Argentina (San Juan area) 
has 10 forms, in Bolivia 80, and in the Falklands 30. The contempora- 
neous fauna of South Africa (Bokkeveld) has an assemblage of 186 spe- 
cies ; of these 40 are also found in South America, and 71 have close allies 
there. From Clarke’s studies we may conclude that western Gondwana 
had a distinct Lower Devonian marine fauna along its southern side, and 
that there was an equally well differentiated one along the northern and 
western shore of this equatorial continent. 

The reason why the Lower Devonian faunas of northern Europe and 
North and South America have so much that binds them closely together 
is because the ocean of these areas gave them communication with one 
another. This is strikingly shown in the great pelecypod development 
of the Coblenzian of the Rhine region, where there are genera on genera 
that appear in America in the Middle Devonian (Onondaga and Hamil- 
ton). 

SILURIAN MARINE EVIDENCE 

The Middle Silurian of Arkansas and Oklahoma has a rich fauna in 
the Saint Clair limestone. H. 8. Williams was the first to note its Euro- 
pean affinities, and these were seen later and more clearly by Van Ingen. 
Ulrich and Mesler (1925) have assembled an extensive collection of 
nearly 200 species which they say represents one of the most interesting 
faunas in America. The fauna as a whole is “much more closely allied 
to the Silurian fauna of Bohemia than to the usual American, British, 
and Gotlandian faunas of the same period,” the affinity being especially 
close among the brachiopods (50 + species), molluscs (50), and trilo- 
bites (45). It is an assemblage unlike any other from the American 
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Silurian in that it is so distinctly European in its origin. Ulrich and 
Mesler do not say how this fauna got from Bohemia into the southern 
United States, but there is only one available route, via the north shore 
of Gondwana Land. The Bohemian sea lay south of the Podolian axis, 
which makes the northern shore of Tethys, while the assemblages to the 
north of the same axial land spread via Eria and down the Saint Law- 
rence geosyncline into the northern United States. 

The Silurian of the Amazon Valley is widely distributed along the 
tributaries Trombetas, Curua, and Maecuru in Brazil. The fauna, de- 
scribed by Clarke (1899) from the Trombetas Valley, is a small one 
of about 20 species, and yet it has the familiar North American burrow 
known as Arthrophycus harlani, which is also common in the Ordovician 
of Spain. Clarke noted other relationships with the Silurian of the 
United States (chiefly the Medina), shown in at least 5 closely allied 
forms. It is highly probable, therefore, that this Silurian fauna also 
migrated along the north shore of Gondwana and from there spread into 
the United States and the Appalachian trough. 


Part IITI.—EvIpDENCE FROM LARVAL LIFE 
DISTRIBUTION OF LARVAE IN GENERAL 


As it is impossible, during adult life, for the great bulk of any shal- 
low-water marine invertebrate fauna to spread of its own volition across 
the deeps of an ocean, like the Atlantic, from south Europe and north 
Africa to Brazil and the West Indies, we must now inquire if any of it 
could be transported alive by an oceanic stream such as the North Equa- 
torial Current, which goes from east to west. This may be accomplished 
in some cases by such swimming animals as fishes or crabs, and possibly 
in rare cases by ammonites, because they can feed while drifting across. 
However, very little of the shallow-water adult life can depart far from 
the shelf seas because of the lowered temperatures of the deeps, the great 
pressure, and the scarcity of available food. On the other hand, all of 
the invertebrates reproduce by eggs and in most of the species these give 
rise to freely floating microscopic larvae that rise to the surface, where 
they live and develop and are drifted about by the currents. In this 
way, larvae are caught by the Equatorial Current off Africa and carried 
out into the high seas, where the cooler waters retard their development. 
Can any of them be drifted alive across the Atlantic for 4,000 miles 
before again encountering shallow sea-bottoms on which to grow up to 
maturity? The following pages give the answer, which is that very few 
indeed can do so in one passage. 
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DISPERSAL OF MARINE INVERTEBRATES 
Each marine species, says Professor MacBride— 


“has a particular type of bottom which is suited to it, and which may be termed 
its home. On ground of this kind it swarms; but around the areas of this 
type of bottom numerous stragglers of the species are to be found. It scems 
clear that, from the home population, crowds of colonists are forever being 
sent forth which, in most cases, fail to maintain themselves, but which may 
in rare cases successfully establish themselves, and in this way a new race 
or species may be produced” (1914, page 650). 


Different species of plants and animals arise in different habitats of 
either the fresh waters or the dry lands or of the seas and oceans. Once 
established at one point, each kind will spread as far as its environment 
goes, or as far as it can adapt itself to the conditions present. It is only 
barriers of some sort that will stop this dispersion, and in the seas and 
oceans these barriers are land, temperature, food, depth, salinity, etcetera. 

The species of a flora or fauna, whether of the living or the fossil world, 
have a variously wide distribution. At least 5 per cent of living marine 
invertebrates have coastline ranges of from 5,000 to upward of 10,000 
and even 15,000 miles, and since about 60 per cent of bottom-dwelling 
forms have ranges of between 2,000 and 3,000 miles, this variably wide 
distribution shows with certainty that the provinces and realms of the 
geologic past can also be ascertained (Schuchert, 1921). 

In the seas and oceans, all the life that lives on or crawls over the 
bottom, or burrows in it, or is attached to it, or is dependent on it for 
food is embraced under the term benthos. The life that swims or floats 
about at the surface is called the plankton, while the actively swimming 
animals of the intermediate realm are of the nekton. The term benthos, 
however, usually refers to the bottom life of the shallow waters border- 
ing the continents and islands, or around the oceanic islands and sub- 
merged banks of the oceans. In the temperate and colder water the 
benthos is limited roughly to 600 feet of depth, though much of it goes 
down the continental slopes to 1,000 feet or more, and in the tropics to 
1,500 feet, because here sunlight penetrates to greater depths and ac- 
cordingly there is also some plant life, the basic food for all animals. 

The variety of microlife in the plankton is extraordinary, and it in- 
cludes animals in all stages of growth, most of which live permanently 
or seasonally in this habitat, but to them are added each year during 
the warmer months by the oceanic currents a vast abundance of eggs and 
developing young (larvae and other stages) of the bottom-living ani- 
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mals of the shallow and marginal seas. This addition is known as the 
transitory plankton. 

Temperature is an important factor in the dispersal of animals. A 
quick change of a few degrees to below the normal for the spawning 
season, produced by a heavy downpour of cold rain for a day or two, 
will, for example, destroy every last floating larva of oysters. Hence 
in the long run larval life will spread farther in equatorial and tem- 
perate seas than in boreal and austral ones. 

During most of geologic time the climate was more equable than 
now, and hence many more kinds of life could spread much farther 
north and south. Indeed, at certain geologic times the evidence of 
reef corals and other warm-water animals is found in far northern 
waters, and limestone—indicative of warm seas—occurs around the 
North Pole. Moreover, latitudinal changes were not so effective in re- 
stricting life to climatic belts as is the case today. What we now see 
in the distribution of the warm-water seas was the general condition 
over most of the earth during the greater part of geologic time. To- 
day the shallow-water marine life of the Atlantic is very much alike 
from Pernambuco, Brazil, to Florida, and some of it goes even to Ber- 
muda and Cape Hatteras, but under a more equable climate it would 
be about the same to Greenland and Norway. 

The spreading of the eggs and larvae of the benthos across the oceanic 
depths is mainly a question of how many days this minute life can live 
in the plankton. In the earlier stages these young have no mouth and 
are dependent on the yolk provided by the mother—an amount that 
will soon be consumed—and until a mouth and a functioning gut are 
developed, they can not live more than a week. But feeding larvae can 
live longer, and some kinds, like the crustacea, may, under the most 
favorable conditions, live for two or three months, and possibly even 
longer. In the meantime they may have drifted 500 to 1,000 miles at 
the rate of 8 to 16 miles per day, but the normal chances of distribution 
will be far less. Then comes the time when they must forsake the 
plankton and seek the benthos, their further life and development de- 
pending on their finding depths of less than 1,000 feet, the proper tem- 
perature, and, above all, the right kind of bottom; in other words, they 
must find, through accident, the environment under which their ances- 
tors grew up. Under these circumstances it is readily seen that nearly 
all of the life of the benthos lost on the high seas is doomed long before 
it can drift across an ocean or even a body of water over 1,000 miles 
across. Should the basin, however, have ridges and banks with shoal 
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water, or if there are volcanic islands properly spaced, it is plain that 
much of the life of one shore can get to the other through larval dis- 
persion, provided there are suitable currents to take it across; but in 
that case the life from the other side can not as a rule cross over against 
the currents. 

The oceanic island of Bermuda is a brilliant example of how such 
places can be peopled by a waif fauna, showing that the larvae of the bot- 
tom marine life of the far-away Bahamas and the Florida Keys are swept 
out into the Atlantic by the Gulf Stream, and after being transported 
650 miles have peopled the shallow waters over the top of this extinct 
voleano. None of this life, however, reaches the Azores. 


DURATION OF LARVAL LIFE 


General.—The writer asked Professor E. G. Conklin about the dura- 
tion and distribution of marine larval life in general, and he kindly replied 
as follows, under date of April 2, 1932: 


“Practically all sedentary invertebrates have free-swimming larvae, and 
these, as we know, may be carried far by ocean currents, for example, in the 
case of numerous invertebrate and vertebrate tropical forms which are found 
during the summer off the coast of Martha’s Vineyard and Nantucket. In 
the case of Anthozoa I know that the larvae may be carried to great dis- 
tances—indeed all the way from Tortugas to Nantucket, a distance of not 
less than 1,500 miles. Similarly the larvae of many gastropods live for a 
considerable period as such. The free-swimming larval Crepidula plana 
exist in this state for at least a month, and are carried to great distances by 
currents and winds. 

“But even granting such a long larval period to many forms, it does seem 
impossible to explain the distribution across a great ocean basin 4,000 miles 
or more in width. I am inclined to think, however, that in such a case as 
this, the explanation could be found in the former existence of islands in such 
ocean basins rather than of a continuous land bridge. If there were formerly 
such islands in the north Atlantic lying between Bermuda and the Azores, it 
would be possible to explain the distribution of many of the marine forms 
which have free-swimming larvae, across the present Atlantic. However, 
this would not explain the distribution of fresh-water and land forms, and 
these are after all the crucial tests of former land connections.” 


Truly so, and it is on the distribution of this land life that most of 
the land bridges have been constructed. 

The invertebrate paleontologist sees nothing of this larval life, and 
there are many classes of soft-bodied animals of which he rarely finds 
fossil evidence, and so in our further consideration of the distribution 
of marine life it is only necessary to consider the corals, echinoderms, 


brachiopods, molluscs, and crustaceans. 
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Corals—The eggs of corals develop into planulae. According to 
Gardiner (1904), the planulae in the South Pacific around Rotuma and 
Funafuti settled to the bottom in from 5 to 8 days. His observations led 
him to conclude that in no case could they be directly carried from Ceylon 
to the Maldives in the Indian Ocean, though he thinks it conceivable 
that these larvae might be swept from reef to reef via the various Lacca- 
dive banks, and so reach that group. 

Vaughan (1916) studied the larval growth of four species of corals 
at Dry Tortugas in the Gulf of Mexico. These larvae were in the free- 
swimming stage from 2 to 23 days. In a current going continuously in 
one direction at the rate of 3 knots per hour the planulae might be car- 
ried 1,656 knots = 1,900 statute miles. This carriage, however, is not 
a natural one and it is doubtful if they would go farther than 1,000 miles. 
He comments on the fact that every species of shoal-water coral in the 
Bermudas is found in Florida and the West Indies, and thinks that the 
clue to the wide distribution of living coral species is given by the pos- 
sibly long duration of the free-swimming larval stage. Elsewhere 
Vaughan says that some of the species off the east coast of Africa also 
occur in the Hawaiian Islands; in this case there must have been inter- 
mediate stations of dispersal. 

Echinoderms. General.—This group embraces the starfishes, ophiu- 
rans, sea-urchins, holothurians, and crinoids, all of which are exclusively 
marine in habitat and most of which live in the benthos. But few kinds 
of adult echinoderms swim about. In many of these animals the larvae 
rise to the surface, are drifted about by the currents, and so get into 
the plankton. Here they may live anywhere from 2 to 10 weeks before 
they seek the benthos. 

Echinoids (sea-urchins).—In regard to artificial rearing of sea-urchins, 
Professor MacBride writes me as follows on April 13, 1932, with the 
proviso that such experiments are open to the objection that in real 
life the larvae might develop much more quickly than in confinement: 

“For the last sixteen years I have been rearing the larvae of Echinus miliaris 
through their metamorphosis. In general | find that the length of time re- 
quired is 6 weeks, but I have known it to be as short as 3 weeks and as long 
as 10 weeks—and the length of time depended on the rapidity of growth of 
the larva and this in turn on the abundance of the diatom food present. 1 
have twice reared the larvae of our coinmon starfish Asterias rubens and they 
swain for two months. I have reared the larvae of the heart urchin EHehino- 
cardium and they required about 3 weeks to metamorphose. Also on one 
occasion I reared the larvae of the brittle star Ophiothrix fragilis and they 
also required 3 weeks to go through.” 
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Many of the living echinoids are viviparous and therefore have no 
free-swimming stage. The complete life cycle is known only in a few 
species (see MacBride, 1914, page 50+). 

Blochmann (1908) reports that Mortensen caught single specimens 
of echinoid larvae in the middle of the Atlantic Ocean, and that all were 
feeding larvae. Agassiz has also taken the same species of deep-sea 
larvae of echinoids on both sides of the Atlantic due, he thinks, to current 
dispersion, and he has captured young echini in the plankton. Accord- 
ingly, it appears possible for deep-sea echinoid larvae to spread across the 
entire Atlantic, but the littoral species can rarely or not at all disperse 
so widely unless there be intermediate shallow-water banks or islands. 

At Plymouth, England, Allen and Nelson (1910) reared in tanks 
three species of Echinus. LE. esculeptus and EF. acutus metamorphosed 
in from 6 to 9 weeks after fertilization. 

Mortensen (1910) lists 82 species of echinoids in the Atlantic of North 
America and the West Indies; one is circumpolar in distribution, and 
another is cosmopolitan. 

Under date of April 15, 1932, R. T. Jackson writes that, as shown by 
the memoirs of A. Agassiz (1883), Mortensen (1927), and H. L. Clark 
(1925), about 23 species of living echini occur in the West Indies that 
are also found elsewhere on the eastern side of the Atlantic or in the 
Mediterranean; and of these 7 are shallow-water forms, the rest being 
of deep seas. Hence it is evident that even some littoral echini have 
a very wide distribution, and that such wide dispersal is especially true 
for the deeper-water forms. 

Starfishes—The following is taken from MacBride (1914). The 
embryonic and larval stages are well known in Asterina gibbosa (em- 
bryonic life 4 to 5 days), Cribrella oculata, and Solaster endeca. The 
first has a larval mouth and the other two have none. In Asterias, Astro- 
pecten, Luidia, etcetera, the larva feeds and lives a free-swimming and self- 
supporting life for a long period, often extending over 2 months, until 
at last it metamorphoses into the adult form. Gemmill reared the larvae 
of Asterias rubens for over 2 months in his Glasgow laboratory, until they 
had completed their metamorphoses ; and Delage did the same with the 
larvae of A. glacialis at Roscoff. 

Ophiurans (brittle-stars)—Development of these animals is known 
in Ophiothrix fragilis, Ophiura brevispina, and Amphiura squamata, only 
the first of which has a long larval development comparable with that 
of Asterias. Ophiura brevispina passes through the larval stages in 10 
days and Ophiothrix fragilis in 3 weeks. 
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According to H. L. Clark (1911, paper not listed), the distribution of 
ophiurans in the oceanic fauna shows that species occurring on both sides 
of the North Pacific have a great bathymetrical range. Of such there 
are 14 forms and they range from shallow water down to 1,800 feet 
and three go even to 9,000 feet. ‘This wide spread horizontally and ver- 
tically is probably due to a long larval life and favorable currents for 
dispersal. 

Bryozoa.—The free-swimming stage of bryozoans is thought to be 
limited to a few hours and at most a few days, and curiously these animals 
are often of great geographic range. After their short larval life, they 
are wholly sedentary in habit. 

Brachiopods.—Brachiopods are not rare as living species in the pres- 
ent seas and oceans, Thomson (1927) recording 183 species in 59 genera. 
Of these 40 are of the group Inarticulata in 7 genera, and the rest belong 
to the Articulata. Of the 59 genera, 24 are restricted to less than 150 
fathoms, but of all the forms confined to this depth there are 143 in 47 
genera, and the majority of these 143 species live in waters of less than 
100 fathoms. 

Between 200 and 500 fathoms live 34 genera (6 restricted to this 
depth) with 64 species, and many of these are also of shallower or deeper 
waters. Between 500 and 1,000 fathoms there are 15 genera with 21 
species, of which 12 also live in depths less than 100 fathoms. Of genera 
living at greater depths than 1,100 fathoms there are 12, with 18 spe- 
cies ; and at over 2,000 fathoms there are 6 genera with 7 species. 

The above figures show that the bulk of species and genera of brachio- 
pods live in shallow water, and that they become less numerous in 
greater depths, but occur at all levels down to 2,737 fathoms (Pelagodiscus 
atlanticus). 

In some brachiopods, according to Blochmann, the early development 
takes place in brood pouches. Lingula and Discina have occasionally 
been taken as pelagic larvae having a mouth and functional gut and there- 
fore self-sustaining. Yatsu (1902, paper not listed) says that the larvae 
of Lingula anatina of Japan may live in the free-swimming stage in 
aquaria for not longer than 2 months, during which time they feed on 
diatoms and other unicellular algae. According to Thomson, the larvae 
of inarticulate brachiopods can be widely distributed by currents, and 
yet it is not among them that one finds the widest geographic distribution, 
with the one exception of Pelagodiscus, a deep-sea species. 

Off Norway, where a few articulate species are common, Blochmann 
has never captured a pelagic larva, though his aquaria had them by the 
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hundreds. In deep undisturbed water the larvae do not swim far from 
their mothers, but in shallow waters they are dispersed by the currents. 
Larvae of the Articulata appear to be excessively rare in the plankton, 
and this suggests to Thomson that the free-swimming stages are of short 
duration, and that normally they remain near the bottom. None of the 
larvae of articulates have a mouth or stomach, and yet it is among them 
that the adults have the widest distribution geographically and bathy- 
metrically. In aquaria, Terebratulina septentrionalis and T’. caput-ser- 
pentis are free up to’ 14 days; none are known to rise into the plankton. 
Apparently, therefore, no shallow-water articulate brachiopod can cross 
an ocean, though they are known to have spread very far along coast- 
lines. 

In the Equatorial Current, Blochmann figures that brachiopod larvae 
may under favorable conditions spread from 30 to 60 miles per day, but 
even at this speed the African larvae could not reach Ascension alive, 
since such a passage would require from 31 to 62 days. 

Mollusca.—Probably the most characteristic animals of the shelf seas 
are the molluscs (bivalves, gastropods, and cephalopods). Here they 
live attached to, or crawl or swim over, or burrow in, the sea-bottom, 
but almost all reproduce by means of eggs and many of these rise to the 
surface to appear also in the transitory plankton. Some gastropods are 
viviparous. The number of eggs is usually very great in the gastropods, 
and in the bivalves there may be millions. Most molluscs produce young 
that do not become pelagic and yet many kinds do have larvae that rise 
and float away into the plankton. It is by the production of these free- 
swimming larvae that the molluscs are able to distribute themselves 
widely and quickly. Gastropods frequently do not have free-swimming 
larvae, since they develop their eggs in capsules that are usually fastened 
to the sea-bottom; there are, however, many forms that have pelagic 
larvae. 

The larvae of Ostrea virginica float up to about 6 or 7 days and a day 
or two earlier develop a mouth and begin to feed before sinking to the 
bottom to cement themselves to some hard object above the mud bottom 
(Kellogg, 1910). Stafford (1913) has reared the Canadian oyster from 
the earliest egg condition through larval life into the spat form that 
settles and fastens to the sea-bottom. Many of the eggs remain on the 
ground and others rise in the water and so are distributed about. In 
5 to 9 hours the eggs grow into larvae (Brooks got the same results in 
2 to 11 hours). The larvae become fixed in from 1 to 5 days. Huxley 
kept larvae for a week, Rice for 14 days, Lacaze-Duthiers for 30 and even 
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43 days without apparent change. Finally, Stafford concludes, “the 
length of the period of an oyster’s free-swimming life may be considered 
to be between 3 weeks and a month” (page 8+). 

Mya arenaria and Venus mercenaria have a larval life of 3 to 6 days, 
and the same appears to be true of some scallops (Pecten). 

The gastropod Patella in the post-trochophore stage was kept alive 
for a week, hence the whole larval life is longer. In the English Fisheries 
Department at Plymouth, larvae of the cowrie have been kept alive for 
a month or more, and when about 1.25 millimeters across are ready to 
go into the benthonic mode of life (Lebour, 1932, Natural History, vol- 
ume 32, page 193). 

Conklin (1897) has studied the complete life history of the fixed gas- 

tropod Crepidula, which lays its eggs in capsules. In C. plana and C. 
fornicata development takes— 
“about 4 weeks from the time the ova are laid until the fully formed veligers 
escape from the egg capsules, and in C. convexra and C. adunca the period pre- 
ceding the escape of the young is probably much longer. How long the veli- 
gers of the two former species lead a free-swimming life I do not know. . . . 
In C. fornicata the veligers do not swim about for more than 3 weeks, prob- 
ably about 2. . . . The whole course of development, therefore, from the 
time the eggs are laid to the close of the larval life and the assumption of 
adult characters and habits, is from 6 to 8 weeks” (1897, pages 17, 18). 


Odhner in a letter to the writer of May 11, 1932, says his studies of 
the larvae of Natica show that they live as such for a month or more near 
the sea-bottom and swim but little, accordingly they can not be dis- 
persed far. Probably the same is true for Capulus. Lebour has kept 
larvae of Nassarius reticulatus for 2 months, and of Trivia europaea for 
5 weeks, but even so, this larval duration is far too short for gastropods 
to cross the Atlantic alive. Odhner writes that he is convinced of the 
former existence of transverse oceanic land bridges. 

Crustacea.—In the plankton of the oceans no type of animals is more 
common than the adult crustaceans, which occur in “countless forms and 
individuals.” In the oceans they play the réle that the insects do on 
the lands. These common crustaceans are the Copepoda (most abun- 
dant), Ostracoda, and Cladocera. Among the larger crustaceans, the 
Schizopoda, the Amphipoda, and the Decapoda are also very important, 
but of much less abundance and specific variation (Hjort, 1912). 

The great bulk of the crustaceans live in the littoral region. Tem- 
perature is the main cause of their geographic limitation, and not the 
other ordinary barriers of the sea. The circumtropical zone has many 
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species in common with the Atlantic and Pacific coasts and the Indo- 
Pacific. These are of the Grapsidae and Albunea, also of the tropical 
land crabs. This wide distribution is thought to have been helped greatly 
by the Panama portal. 

Gardiner (1904) has kept larval crustacea alive and unchanged for 
12 days, but thinks that in the seas and oceans they might live and evolve 
for at least 30 days. He is sure that— 

“wherever any bank may appear in the Indo-Pacific or Atlantic Oceans it 


should be speedily provided with a fauna of such Crustacea as possess free- 
swimming larvae of the zooean and more developed types” (1904, page 407). 


As nearly all crustaceans lead a free and unattached life, crawling, 
swimming, and drifting about, their mode of life is conducive to wide 
dispersion, and when to this is added the more or less long floating larval 
life, it is plain why the genera and species of the group are so widely 
spread. 

The decapods produce great numbers of eggs—a single female crab 

may carry about from 5,000 to 10,000—and out of them develop the 
zoea larvae, which— 
“have a comparatively long life in the sea as pelagic animals before they 
undergo their first metamorphosis into the Megalopa stage, and the megalopa 
has also a somewhat long life in this stage. By-and-by the megalopa, by 
repeated moults, passes into the adult stage and the Decapods then settle 
down to the sea bottom for the remainder of their natural lives” (Johnstone 
1908, page 70). 


About Bermuda, Verrill (1908) notes 78 species of decapods and of 
these 72 (93 per cent) are also found in the Florida Keys or the West 
Indies, demonstrating the close faunal relations of the two regions. 
About 53 of the forms (68 per cent) range from Florida to Pernambuco, 
Brazil, or further south. About 25 species go to Cape Hatteras and 6 
to southern New Jersey. 

“Several species of crabs and shrimps habitually live among floating sar- 
gassum, or attached to floating driftwood. . . . But the majority of the 
species common to Bermuda and the West Indies . . . must have migrated 
northward in the free-swimming larval stages. The directions of the Gulf 
Stream and prevailing wind currents are favorable for the transportation of 
free-swimming animals from the Bahamas, Cuba, etcetera, to the Bermudas” 
(pages 294-295). 


This distribution, Verrill points out, could not have gone in the op- 
posite direction against the flow of the Gulf Stream, and besides, no 
European or Mediterranean species of decapod occurs in Bermuda. 
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“It is evident, therefore, that the Bermuda decapod crustacean fauna is an 
offshoot or colony from the West Indian fauna, with only a slight admixture 
of species from other regions. In this respect the Crustacea agree with the 
Anthozoa, Mollusca, Echinoderms, etcetera” (page 291). 
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Foreword ; states occasion for publication at this time. 


Working Hypotheses; presents hypothesis of eruptive origin of crust 


of the earth, resulting in granitic continents, basaltic ocean beds, and 
static equilibrium among them. 
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Permanency; quotes Dana on permanency of continents and ocean 
basins and poses problem of continental bridges. 
Isthmian Links. 


Case in point ; cites Isthmus of Panama and its relation to frame- 
work of Caribbean. 

Framework of Caribbean ; summarizes the tectonic history dur- 
ing post-Paleozoic time, showing orogenic upthrusting of periph- 
ery. 

Environment of Caribbean; describes surrounding masses and 
considers, but rejects suggestion that compressive forces might 
have acted centripetally. 

Caribbean a dynamic basin; argues that orogenic upthrusting 
of framework has been due to expansive forces, originating within 
and under the Caribbean deep. 

Continental linking; linking of North America with South 
America by Isthmus of Panama attributed to dynamic activity of 
Caribbean deep and interpreted as an illustration of the elevation 
of other land bridges in similar relations to dynamic deeps. 

Brazil-Guinea ridge; traced across the Atlantic and compared 
with the Caribbean framework. 

Atlantic orogenic activity; cites evidence of orogenic uplifts 
around basins of South Atlantic during Permo-Carboniferous time, 
when migration of land forms requires connection between Africa 
and South America. Concludes that elevation of the Brazil-Guinea 
ridge to form an isthmian link was appropriately conditioned as 
to dynamic activity and time of emergence. 

Isthmian submergence ; considers conditions of submergence of 
Brazil-Guinea isthmus; also Mid-Atlantic ridge. 

Land area of Brazil-Guinea ridge; indicates limitations. 

Other land connections; traces isthmian links between Africa 
and India and also between Asia and Australia along submerged 
ridges and island chains. 

Gondwana land; continental extent regarded as inconsistent 
with isostatic condition of large masses of the crust and as en- 
croaching beyond measure on the capacity of ocean basins. 


Permo-Carboniferous climates. 


Climatic test of isthmian links; a general cause of moderate 
refrigeration being assumed, the diversity of Permian climates in 
the northern and southern hemispheres is traced to atmospheric 
and oceanic circulation, controlled by isthmian links. 
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FOREWORD 


This paper having been put in form in collaboration with Professor 
Schuchert, a word of explanation is due, since to him belongs the credit 
of having brought it to publication. In April, 1931, he invited me to 
take up the problems of paleogeography from the geophysical side, where 
Barrel’s lamented death had left them in 1919, and salmaaa to con- 
sider the question of continental subsidence. 

We quickly found that we could agree that the evidence of floral and 
faunal migrations demands the former existence of connections between 
lands now separated by seas, but we were not of one understanding as to 
the nature of those links. Schuchert, a sincere follower of Suess, inter- 
preted the land bridges in terms of continents, as Gondwanaland was con- 
ceived by Suess. 

Not having entertained the concept of continental Gondwana, I was 
not embarrassed by it and was free to adapt to oceanic ridges a distinction 
which has long been widely recognized in the study of lands, namely the 
difference between the upthrusting of mountain chains and the elevation 
or depression of a continental platform. The great cordilleras are facts. 
We know that they have been pushed up during the later geologic periods 
and are transient rugosities of the surface. We know also that their 
foundations have on occasion subsided to notable depths. Might we not 
reasonably assume that a cordillera had been raised in the ocean bed in 
such a position as to link together temporarily the permanent continental 
lands? 

The idea was not new. Having long since (1893) arrived at the con- 
clusion that orogenic forces originate beneath oceanic areas, it was but a 
short step to reason that they might affect submarine zones as well as con- 
tinental margins. In 1920, at the request of my colleague in botany, 
Doctor Douglas H. Campbell, I drew a map of the land connections which 
seemed to be required to account for migrations of floras during the 
Mesozoic, and sketched isthmian links between Africa, South America, 
and Antarctica, along the submerged ridges indicated by the available 
bathymetric charts. Schuchert’s invitation led to more intensive study 
of Panama as an example of isthmian linking and of the Caribbean basin 
as a source of orogenic forces. The work of Hill, Liddle, Vaughan, and 
Woodring furnished a large amount of new data on the latter phase of the 
problem. Conferences with Meinesz on ocean isostasy proved very helpful. 
Finally, acknowledgment is due my colleague in meteorology, Professor 
J. G. Brown, and to Doctors C. E. P. Brooks, W. J. Humphreys, and G. C. 
Simpson for helpful discussion of the climatic questions. | Schuchert, 
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however, is primarily responsible for having stimulated this now devel- 
oped conception to evolve beyond the larval stage in which it had existed 
for the last dozen years. 


WorkinG HypoTHeses 


The categorical statement of permanency of continents and ocean basins 
which is expressed below may be misinterpreted and should, therefore, be 
duly defined in advance. In recognizing the fact of permanency of large 
masses of the earth’s crust in general form and relative position, there is 
no intention of maintaining that they have not changed in outline by loss 
of marginal sections or outlying parts. Neither could it be assumed that 
continental platforms or large areas of them had not been depressed so as 
to form basins and admit epicontinental seas. But even though sub- 
merged for a time and buried beneath sediments, the continental mass re- 
tains its identity and is permanent. No established fact of historical or 
structural geology can be denied because of, or can be in contradiction with 
the major fact of permanency. Speculations which postulate imperma- 
nency, on the other hand, involve the theorist in insuperable difficulties. 

By continent is here understood a large mass of diverse rocks, among 
which those of granitic facies prevail. It contrasts with the suboceanic 
crust, which is regarded as relatively basic rock, essentially basaltic. Al} 
the fundamental rocks of the crust of the earth are considered by postulate 
to be of igneous origin and to have been erupted or uptruded from within 
the solid earth during geologic time. It matters not whether it be assumed 
that the earth grew up solid or cooled from a more or less molten state ; 
the eruptive activity is thought to have replaced the entire outer shell, 
largely during the Archean and Proterozoic, but also to some extent during 
post-Proterozoic time down to the Present. The differentiation of 
igneous rocks into more siliceous or more basic masses is a fact, which is 
not evaded by assigning the process to some early period of refrigeration 
and which seems well within the competency of physico-chemical processes 
in the laboratory of the asthenosphere. Rocks of the granitic family are 
regarded as one of the less abundant products of those general processes, 
and their uptrusion into the outer crust of the earth is taken to be the 
essential condition of continental genesis. 

Eruptions of granodiorite have occurred as recently as during the Mio- 
cene, and the western margins of the Americas, for instance, have been 
added to during the Mesozoic. Continents are, therefore, still growing 
by intrusion, but the accretions are now relatively very small as compared 
with the great batholiths that have constituted the positive elements of 
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the continents since the Archean. The uptrusion of those large masses 
established the general relations of continental and oceanic platforms, 
which have remained essentially unchanged ever since. That is what is 
meant in this article by permanency of continents and ocean basins. 

It is to be noted that size is an element of the definition of a continent. 
There are continental islands, such as Madagascar, which consists of gra- 
nitie rocks but lack the dimensions of continents. They have commonly 
been regarded as fragments of the continents they most nearly adjoin. 
The speculative concept of a universal granitic shell imposes that inter- 
pretation and the necessity of finding a cause of “continental fragmenta- 
tion.” But the uptrusion of apophyses of granite adjacent to a larger 
mass is so natural a phenomenon that it requires no further explanation. 
As a substitute for fragmentation it has all the advantage of logical con- 
sistency and conformity to the facts of distribution in time and place. 
As examples of such outlying uptrusions one may name Madagascar, Cey- 
lon, New Zealand, and also the submerged banks of the Seychelles and 
probably parts of the mid-Atlantic ridge. It is not necessary, though 
usual of course, that such a minor uptrusion of rocks of continental facies 
should have been part of a larger mass or that it should be of the same 
geologic age. The processes of differentiation and eruption appear to have 
gone on locally, intermittently, but persistently, since a very early age. 

Basic eruptions produced the floors of ocean basins in a manner parallel 
with the formation of continents. They are chiefly of basaltic rocks of 
relatively high density. On the assumption that any one group of erup- 
tions is represented by an individual deep they are in general several hun- 
dred miles in diameter, but, as in the case of the continental uptrusions, 
there is variety of dimensions. Each ocean basin comprises a number of 
such deeps. The major eruptions which determined the general con- 
figuration of the ocean basins occurred during the Archean, but minor 
events of the same type have given us the plateau basalts on land, and 
probably similar flows have spread under some seas. 

A general approximation to isostatic balance of large masses is an in- 
evitable result of the processes of eruption which are regarded as having 
built up the crust. Any molten mass is lighter when molten than after 
solidification. During the process of uptrusion it will rise to or beyond 
its isostatic level in the melted state and on cooling will tend to sink back 
to its level of equilibrium when solid. The tendency may be ineffective 
in case the mass is small enough to be rigidly supported, but will cause 
larger masses to subside according to their relative density. 
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Isostasy is a condition established by the conservative force, gravity, 
and tends to permanency, but it is liable to disturbance by any of the 
active forces of the earth, such as heat, for instance, and the molecular 
energies when released. The fact that portions of continental masses 
have from time to time been so affected as to cause them to subside deeply 
or to rise to the heights of plateaus does not impair the general condition 
nor materially affect the permanency of the greater features. To illus- 
trate: If the continental island of Madagascar were to sink into the Indian 
Ocean Africa would still be permanent, just as North America remains 
permanent, although Paleozoic Appalachia, a larger island than Madagas- 
car but still an island, has disappeared. It is important in discussing 
continents and land bridges to retain a just sense of proportion. 

This all too brief statement of the working hypotheses that underlie my 
geologic speculation is here inserted at Schuchert’s suggestion and be- 
cause we found that the theories which he had accepted from our prede- 
cessors were not those with which I was working. It was necessary to 
clear away misconceptions in order that we might understand one an- 
other, and it is possible that others may find need of a similar explanation. 


PERMANENCY 


The general principle which underlies the following discussion is: 

Once a continent, always a continent. Once a basin, always a basin. 

The permanency of continents and ocean basins was first stated by 
Dana in the following terms :* 


“What is the legitimate inference’ (from observed relations of continents 
and ocean basins)? “Most plainly, that the extent and positions of the oceanic 
depressions have some way determined, in a great degree, the features of the 
land; that the same cause which originated the one impressed peculiarities on 
the other; that the two had a parallel history through past time—the oceanic 
depressions tending downward, the continents upward; in other words that 
they have been in progress with mutual reaction from the beginning of the 
earth’s refrigeration. The continents have always been the more elevated 
land of the crust, and the basins always basins, or the more depressed land.” 


Modern speculation departs widely from this broad and well-founded 
generalization, but we do not need to follow it. Dana reasoned from the 
facts, so far as they were known in his day, and we, having the advantage 
of 75 years of research and exploration, are in a position to build on his 
sound ideas, using the accumulated facts to test and extend them. 


2J. D. Dana: On the plan of development in the geologic history of North America. 
Am. Jour. Sci. (2) 22, 1856, pp. 335-349, (338-339). 
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PERMANENCY 


The immediate question, posed by paleontologists, relates to the char- 
acter of the land connections which have certainly existed during past 
geologic periods between continents that are now separated by wide seas. 
One definite instance of former intercontinental connection is that of 
Africa with South America during the Permian. Of the same nature 
and period was the linking of Africa with India and of Asia with Austra- 
lia. It is to these occurrences that we turn our attention, attempting to 
find an explanation that shall be consistent with known facts and the gen- 
eral nature of terrestrial activities. In confining the discussion to these 
instances we do not shut out the possibility of similar links during other 
periods along the same or different routes, but each case should stand on 
its own evidence. 


IstHMIAN LINKS 
CASE IN POINT 


North and South America have been separate continents during the 
greater part of their existence. They are now united by an isthmus. 
It is possible that they were similarly joined for a time toward the close 
of the Paleozoic era. During many geologic periods, however, there has 
lain between them a stretch of sea or an archipelago composed of straits 
and islands, through which ocean currents flowed freely from the Atlan- 
tic to the Pacific. Reaching from the southern United States to Vene- 
zuela the waters had an extreme width of 1,200 to 1,400 miles and oc- 
cupied the basins of the southeastern Atlantic, the Gulf of Mexico, the 
Caribbean, and the eastern Pacific. In this same region have long existed 
certain nuclei and island arcs—Yucatan, Honduras, Cuba, Jamaica, and 
Haiti—which may be of pre-Cambrian or of Paleozoic age. They may 
be regarded as fragments of an Antillean continent, or (as appears more 
probable according to the argument of this paper) granitic apophyses or 
local upthrust blocks that have been pushed up as the adjoining deeps 
have developed. 

Leaving that question open, we may accept the fact that the continents 
are now linked together via Mexico, Central America, and the Isthmus 
of Panama. Furthermore, it appears from the distribution of land faunas 
in the islands of the Greater and Lesser Antilles that in no very distant 
past, geologically speaking, those islands were united in such manner 
that there was a connection from North to South America via Cuba, 
Haiti, and Trinidad. We may refer to that as the Antillean isthmus, 
the homologue of the Isthmus of Panama and its extensions. 


LX—BULL. GEOL. Soc. AM., VOL. 43, 1932 
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These two homologous connecting arcs encircle the eastern and western 
ends of the Caribbean basin, while the landmasses they linked together 
form its northern and southern margins. They constitute the frame- 
work of the Caribbean and invite consideration of their relation to that 


deep. 
FRAMEWORK OF THE CARIBBEAN 

The accessible framework of the Caribbean consists of mountain chains 
and islands that have been compressed horizontally and elevated verti- 
cally, and also of volcanic uptrusions. We may briefly summarize the 
facts as described by MacDonald * for Panama, Liddle * for Venezuela, 
Hill ® and Lacroix ® for the Caribbees, Vaughan * for the Virgin Islands 
and Porto Rico, Woodring * for Haiti, Hill ® for Jamaica, and Vaughan *° 
and Redfield *t for Central America. 

The following are the salient activities of different parts of the frame- 
work from late Paleozoic to Present, as summarized from the accounts 
of the authors cited. 

PANAMA (McDONALD) 

In post-Oligocene time, uptrusion of a volcanic ridge, with incidental 

deposition of sedimentaries; oscillations of level. 


VENEZUELA AND TRINIDAD (LIDDLE) 


Uptrusion of plutonics and volcanics, possibly during the late Paleo- 
zoic; uptrusion of basic igneous rocks during the Tertiary and later pe- 
riods; compression by pressure from the direction of the Caribbean 
against the Guyana landmass, causing folding and upthrusting of the 
Venezuelan Andes and the Caribbean range, from the Maracaibo region 
to Trinidad, during the later Tertiary and Pleistocene. 


*D. F. McDonald: Outlines of canal geology. Trans. Intern. Engineering Cong., San 
Francisco, 1915, pp. 67-83. 

*R. A. Liddle: The geology of Venezuela and Trinidad, 1928. 

5R. T. Hill: The geology of Cuba and Porto Rico, 1899. 

*A. Lacroix: La Montagne Pelee et ses eruptions, 1904. 

™T. W. Vaughan: Stratigraphy of the Virgin Islands, etc. Jour. Wash. Acad. Sci’s, 
vol. 13, 1923. 

8 W. P. Woodring: An outline of the results of a geological reconnoissance of the Repub- 
lic of Haiti. Jour. Wash. Acad. Sci’s, vol. 13, 1923. 

®R. T. Hill: Jamaica, Bull. Museum of Comp. Zoology, Harvard College, vol. ZExtyV, 
1899. 
10 T, W. Vaughan: Geologic history of Central America and the West Indies during 


Cenozoic Time. Bull. Geol. Soc. Am., vol. 29, pp. 615-630, 1918. 
uA. H. Redfield: Petroleum possibilities of Honduras. Economic Geology, vol. 18, pp. 


474-493, 1923. Ibid, Petroleum possibilities of Costa Rice, op. cit., pp. 354-391. 
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CARIBBEES OR WINDWARD ISLANDS (HILL AND LAOROIX) 

Vigorous volcanic activity, Recent and Pliocene, which has built up 
an are of volcanic monuments upon a limestone platform. The latter 
is elevated in an eastern zone that constitutes an outer are of nonvolcanic 
islands. Lacroix recognized evidence of a ridge of older igneous rocks 
underlying the chain of relatively modern volcanos. 

VIRGIN ISLANDS AND PORTO RICO (VAUGHAN) 

Elevation of a major tectonic axis during pre-Cretaceous, possibly 
late Paleozoic time, followed by submergence with volcanic activity dur- 
ing the Upper Cretaceous; intense compression and uptrusion of igneous 
rocks during the early Tertiary; marked oscillations of level during the 
later Tertiary and Pleistocene. 

HAITI (WOODRING) 

Uptrusions of igneous rocks (chiefly basalts and andesites) probably 
during the early and middle Mesozoic; uptrusion of batholiths during 
pre-Pliocene Tertiary; intense compression from south to north, result- 
ing in folding and the elevation of mountain axes with the coordinate 
depression of large synclinal troughs; pronounced changes of level dur- 
ing the Pleistocene, including both upthrust and downthrust blocks. 

JAMAICA (HILL) 

Volcanic activity during late Cretaceous time; subsidence during the 
Eocene ; reelevation and establishment of land connections with Haiti and 
possibly with Central America, accompanied by intrusion of granitoid 
rocks during the Oligocene; several oscillations of level, of which the 
latest is the actual, notable elevation. 

HONDURAS AND COSTA RICA (VAUGHAN AND REDFIELD) 

Uptrusion of granitic and other plutonic rocks, probably during the 
late Paleozoic; folding of Paleozoic strata against the southern side of 
the Yucatan nucleus; subsequent disturbances, comprising uptrusion of 
igneous rocks as well as folding and upthrusting of Tertiary strata, show- 
ing activities in general accord with those of the Tertiary and post-Ter- 
tiary orogeny of the West Indian region. 


GENERAL 
ACTIVITIES IN THE CARIBBEAN 
From the facts of orogenic activity thus summarized it follows that 
the framework of the Caribbean has been the scene of activities which 
comprise : 
(a) Uptrusion of igneous masses of various kinds and notable volume, at 
intervals during Mesozoic, Tertiary, and post-Tertiary time. 
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(b) Compression, exerted in such a manner as to cause outward folding and 
thrusting away from the Caribbean deep. 

(c) Elevation of some blocks and depression of others, giving rise to pro- 
nounced differences of altitude and local diversities of displacement. 

(d) Regional elevation and subsidence, of such vertical amount as to occa- 
sion deep erosion of lands and deposition of marine sediments over the eroded 


surfaces. 


The framework of the Caribbean, the scene of these activities, surrounds 
the great Caribbean basin. The latter is a deep of suboceanic propor- 
tions, 1,500 miles long, 350 miles wide, and 3 miles or more deep over 
a large part of its area of approximately 700,000 square miles. Yet large 
though it is, its marginal zone has had a similar dynamic history through- 
out during the past 50 million years or more, the diversities of magmatic 
eruptions and mechanical effects being no more than should be looked 
for in so vast and complex and prolonged a series. It may therefore 
serve as an example of a type of active basins, whose development is char- 
acteristic of the earth’s crust and is or has from time to time been a 
normal though provincial phenomenon of individual ocean basins. 


ENVIRONMENT OF THE CARIBBEAN 


Seeking a source for these dynamic activities, it is obvious that the first 
suggestion is that of a dynamic focus or foci under the basin itself. But 
before accepting that concept as a basis for further analysis of the problem 
of intercontinental links we may consider whether or not there is reason 
to look outside of the Caribbean, in its environment, for the source of 
energy. What are the surrounding masses? 

South of the Caribbean the coast ranges of Venezuela and the Vene- 
zuelan Andes are thrust up on the old landmass of Guayana, one of 
the positive elements of South America. East and northeast, outside of 
the ares of the volcanic islands, stretches the broad basin of the south- 
western Atlantic, with a depth of about three miles. Along the northern 
side, beyond Porto Rico and Haiti, extend the very narrow, strongly 
accented deeps, the Porto Rico and Bartlett deeps, which are sunk 3 to 5 
miles below sealevel. Northwest and west is the complex group of struc- 
tures making up Central America, and farther out lie the deeps of the 
eastern Pacific. 

If now we proceed on the assumption that the forces whose effects 
have been manifested in the framework of the Caribbean originated out- 
side of the periphery of that basin and converged on it, they must either 
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have developed in the diverse masses represented by continental nuclei, 
oceanic basins, and accented deeps, or they must have been transmitted 
through these various bodies yet have produced similar effects upon 
reaching the margin of the deep. 

There being no third assumption possible, we have to develop further 
reasoning on one or the other of these two assumptions, namely: 

(a) The Caribbean deep has been a dynamic focus or represents a group 
of related dynamic foci, which have been active during the late Meso- 
zoic, Tertiary, and post-Tertiary; or (b) The Caribbean deep has been a 
central region on which pressures have converged from outside, and 
those pressures have either originated in or been transmitted through 
various diverse segments of the crust. 


CARIBBEAN A DYNAMIC BASIN 


In order to submit the alternatives presented by the last two paragraphs 
to the test of comparison with other regions where similar effects of com- 
pression, uptrusion, and oscillations of level have occurred or are oc- 
curring, we may cite a few examples of orogeny. Outthrusts from beneath 
the region of a deep basin have occurred and in some cases are occurring 
in the following mountain-making movements: 


During the Appalachian revolution, from the Atlantic basin toward the 
continent. 

During the Andean revolution, along the west coast of South America from 
the direction of the Atacama deep. 

During the Cordilleran revolution, along the west coast of the United States, 
from Lower California to British Columbia, from the direction of the eastern 
Pacific basins. 

During the orogeny of the Japanese island are, which is underthrust from 
the direction of the Tuscarora deep, giving the effect of overthrust from the 
Asiatic continent. 

During the Philippine orogeny, which has produced a crushed ridge lying 
between the Philippine deep on the northeast and three irregular but deep 
basins on the southwest. 

During the upthrusting of New Zealand, where North Island is underthrust 
from the southeast and South Island is underthrust from the northwest. 

During the post-Mesozoic elevation of East Africa, abreast of the Rift Valley 
region, where the continent is upthrust from the direction of the northwestern 
basin of the Indian Ocean. 


In each of these cases, in the course of more or less extended field-work 
in the region named, I have had opportunity to observe, as others have 
before me, that the effects of deformation are relatively more intensely 
developed on one side than on the other; that is, the mountain chains are 
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unsymmetrical. But it follows from the laws of work and dissipation 
of energy that active pressure, which does work in deforming rocks, is 
partially exhausted and produces less and less effect as its action extends 
farther and farther from the source. Hence it follows that the source 
was situated on the side of the more intense effect. The criterion of rela- 
tive intensity of work performed is thus conclusive as to the source of 
energy and in each of these cases is on the side of the deep basin. 

There are instances, however, as in the Philippines, where two ad- 
jacent basins have been simultaneously active and the ridge which con- 
stitutes their common margin has been affected from both sides. In that 
case the criterion of relative intensity would apply only as indicating that 
one or the other basin had been the more active. Such ridges are usually 
active and of isthmian proportions. They have a very important rela- 
tion to intercontinental links, as we shall see. 

Relying on the seven rather widely distributed and not exceptional ex- 
amples cited above, I regard it as established that in those instances where 
continental margins are crushed or the submarine margin of an oceanic 
basin is upthrust, the pressure may and in many, if not in all, cases does 
originate beneath the basin. Such a basin may be designated a dynamic 
basin, at least for the geologic periods during which its activity persists. 

To avoid misunderstanding it is desirable to add that not all basins 
or deeps are or have been dynamic. There are those which have been, but 
are now relatively quiescent; the North Atlantic basins, for instance. 
And there is another type, the narrow and usually very profound deeps, 
which are depressed sections, negative mountain ranges. They seem to 
be passive structures and in certain instances that I have studied they 
are ramp valleys. The Dead Sea trough, and the so-called rift valley of 
Lake Tanganyika are examples. It seems possible that the Bartlett deep 
and others of similar form belong in this category. 

We may tiow renew our study of the Caribbean basin. 

The question was whether the forces whose effects are manifested in 
every accessible section of the framework of the Caribbean basin had been 
exerted from within or from without. Is the Caribbean a dynamic basin 
or a passive structure? The similarity of effects and their contempora- 
neity all around the basin point directly to a common origin. The diver- 
sity of the environment is inconsistent with the unity of dynamic ac- 
tivity. All of the evidence points to the conclusion that the Caribbean 
is a dynamic basin and has been dynamic at intervals since late Meso- 
zoic time or earlier. 
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CONTINENTAL LINKING 


The energy of the dynamic Caribbean has, as we have seen, caused 
uptrusions of plutonic masses, establishment of numerous volcanic cen- 
ters along arcs of its framework, overthrusting and folding of marginal 
zones, and oscillations of level, both up and down, to the amount of thou- 
sands of feet. At the present time the features of the framework which 
rise above sealevel constitute the coast ranges of the adjacent continent, 
numerous islands, and an isthmus that links North and South America. 
Islands along the northern rim are known to have been linked together 
by elevation of the now submerged sections between them, and it is prob- 
able that the submerged ridge around the eastern end of the basin 
was at one time raised so as to form a connection between the continents. 

The Caribbean not only has been, but still is dynamic. Since the up- 
trusion of the margin is an effect of that active condition, it is but logical 
to attribute the fluctuations of level to fluctuations of intensity of the 
effective energy ; and, furthermore, it would seem to follow that general 
subsidence of the framework would ensue if the uptruding forces should 
relax, as they would if the basin became inactive. 

The linking of North and South America by the Isthmus of Panama, 
which still exists, and possibly by the Antillean isthmus, which has sub- 
sided, has thus been the result primarily of the activity of the Caribbean 
basin. The effects have, however, been modified in different sections of 
the framework by the opposing resistances. In some sections, as along 
the Guayana continental nucleus, the resistance was, no doubt, passive ; 
but where other basins adjoin the Caribbean an opposing outthrust from 
any such basin may be regarded as a possibility. The dynamic history 
of Pacific basins during that post-Mesozoic time which covers the period 
of activity of the Caribbean suggests that the elevation of Central America 
and of the Panama ridge is due to opposition of the pressures originating 
on both sides. The quiescence of the Atlantic basin during the same 
post-Triassic period would seem to indicate that resistance from that di- 
rection had been merely passive. 

Whatever the resistances may have been, to whatever extent the Carib- 
bean has acted alone or however its action may have been influenced by its 
environment, including the basins of Yucatan and the Gulf of Mexico 
and the uptruded arc of Cuba, the fact remains that the linking of North 
and South America by one or more isthmuses is a result of the dynamic 
activity which is characteristic of those depressions we call oceanic basins. 

We will now seek to ascertain to what extent this conclusion may be 
used as a Clue to the former linking of other continents. 
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BRAZIL-GUINEA RIDGE 


The existence of a land connection between South America and Africa 
in late Carboniferous and Permian time is demonstrated by evidence of 
faunal and floral migrations that is generally accepted and has given rise 
to the theoretical Gondwana continent and also to the theory of Con- 
tinental Drift. The latter theory is not here under discussion except in 
so far as the setting up of an alternative may affect it. But no paleo- 
geographic study of Permian conditions can disregard the fact that the 
south Atlantic was spanned during that period. Our fundamental thesis 
being that continents and ocean basins are permanent features of the 
earth’s surface, we may consider the fact of former intercontinental con- 
nections as a critical test. 

The supplementary thesis that oceanic basins pass through prolonged 
periods of activity, in course of which their margins may be raised to 
form chains of islands and isthmian links, we regard as demonstrated 
by the history of the Caribbean and many other deeps. If this be accepted 
we inquire further: Are there beneath the Atlantic, between South Amer- 
ica and Africa, any basins which were active during the late Carboniferous 
and Permian and which may have established the required connection ? 

Inspection of a bathymetric map of the Atlantic Ocean in tropical 
latitudes 7* shows that there are four basins, which are so disposed be- 
tween South America and Africa as to constitute one pair to the north 
and another pair to the south. The two pairs are separated by a sub- 
merged ridge, which extends from Brazil to Guinea, in a northeasterly 
direction. Let us call this the Brazil-Guinea ridge. 

The individual basins of each pair of deeps are separated by the well- 
known Mid-Atlantic ridge, which in these latitudes trends northwest- 
ward. It thus forms a cross with the Brazil-Guinea ridge, though a 
twisted cross because the basins are unequal and irregular. 

The existence of the Brazil-Guinea ridge is indicated by soundings, of 
which a number are spaced in a haphazard fashion, but others range in 
three lines, at intervals of 30 to 60 miles within each line, and thus fairly 
well define the deeps and shallows. The depths on the ridge vary in 
general from 10,000 to 12,000 feet below sealevel. Those in the adjacent 
deeps attain 18,000 feet over wide areas. The general relief of the ridge 
above the basins thus ranges from 6,000 to 8,000 feet. It is noteworthy, 
however, that in certain instances volcanic peaks rise to or above the 
ocean surface, as in the islands of Fernando Noronha, 200 miles off the 


Brazilian coast. 


12 Carte General Bathymetric des Oceans, Prince of Monaco, 1910-20. 
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In order to arrive at an idea of the possibility that the Brazil-Guinea 
ridge might have been raised above sealevel in such manner as to con- 
nect the two continents sufficiently to permit the migration of organisms, 
we may compare it with the northern side of the Caribbean. The Brazil- 
Guinea ridge is 1,800 miles long from coast to coast. The axis of the 
Caribbean is 1,500 miles long. The width of the Caribbean deep, the 
dimension within which outthrusting pressures must gather, is 350 miles. 
Comparing this with similar dimensions of the Atlantic deeps on either 
side of the Guinea ridge, we find that they measure from 350 to 1,000 
miles in width at right angles to the trend of the ridge. That is to say, 
an intensity of expansive force equal to or notably less than that exerted 
by the sub-Caribbean body would have sufficed to produce similar pres- 
sures around the margins of the deeps. As regards the depths of the 
Atlantic deeps, they are no greater in general than that of the Caribbean, 
the maxima in all cases slightly exceeding 16,500 feet, 5,000 meters. 
The uptrusion of magmas and the upthrusting of solid masses to sea- 
level would require the same effort against gravity, in either case. 

We may conclude that the elevation of the Brazil-Guinea ridge to 
an altitude sufficient to establish land connection between South America 
and Africa is comparable with the upthrusting of the rim of the Caribbean, 
and that the postulate makes no extraordinary demands on orogenic 
forces. 

In this connection we may cite the evidence of the non-volcanic mass 
of the Saint Paul’s rocks, which rise from the Mid-Atlantic and Brazil- 
Guinea ridges near the intersection of their axial trends, in latitude 1° 
north and longitude 29° 30’ west, in midocean. Unlike the volcanic 
islands this mountain peak consists of metamorphosed, plutonic perido- 
tite, which has been severely compressed, sheared, and foliated, as has 
been demonstrated by microscopic as well as by megascopic examination. 
Washington discusses the conceivable ways by which it may have been 
elevated to the altitude of 15,000 feet above the immediately adjacent 
deep and concludes that lateral pressure is the sole competent cause.?* 
Since the condition of the rocks themselves is direct evidence of intense 
lateral pressure, the conclusion is strongly supported and supports the 
general thesis of the elevation of the Brazil-Guinea isthmus by similar 
forces acting in the same area, but during a previous orogenic activity. 

Saint Paul’s rocks lie in an east-west trend with Passodnik and Princes 
banks, in a relation which suggests that the latter may also be peaks of 


18 Henry S. Washington: The origin of the Mid-Atlantic ridge. Jour. Maryland Acad- 
emy of Sciences, vol. I, 1930; Papers from the Geophysical Laboratory, Carnegie In- 
stitution of Washington, No. 699, p. 27. 
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the mountain ridge, rather than volcanoes. If so, there is here a moun- 
tain range, about 200 miles long, trending nearly east and west and facing 
the deep on the southwest, much as a coast range would if the surrounding 
plain stood at sealevel. 


ATLANTIC OROGENIC ACTIVITY 


Since the paleontologic evidence requires that the land connection be- 
tween South America and Africa shall have existed during the late Paleo- 
zoic and Permian, we must submit our hypothesis of an isthmian link 
to the further test of inquiry as to the activity of the specific Atlantic 
basins at that time. Direct observation of the ridge itself being impos- 
sible, we have to depend on general facts of Atlantic orogenies, that is 
on their occurrence during the periods involved, and on such evidence 
of uplift as is indicated by Permian elevation of adjacent parts of Brazil 
and west Africa. 

Kober has stated at some length the reasons why the Mid-Atlantic ridge 
should be considered as a sunken mountain chain, according to his views 
of structural geology.* While proceeding from fundamental posiulates 
that differ from his, the conclusion we reach on that point is in close 
agreement with him. 

The initial line of reasoning proceeds from the fact that each one of 
the great oceanic regions, although complex in structure, has had an 
individual dynamic history. The Pacific, the Atlantic, the Indian oceanic 
regions, and also the Tethys (comprising the Antillean, Mediterranean, 
and Gangetic depressions) are characterized by special dynamic histories, 
with different sequences for different oceans, but similar chronologies for 
each ocean within its boundaries.’* To argue this somewhat evident prop- 
osition would carry us too far afield. It must suffice to cite the orogenic 
efforts of the Atlantic basins during the periods in question. 

The late Carboniferous-Permian orogenic activities of the North At- 
lantic basins are demonstrated by the remarkably similar effects pro- 
duced in the eastern United States and western Europe, including the 
British Isles. The Gulf of Mexico, the Yucatan basin, and the Caribbean 
are also surrounded by uptrusions and outthrusts attributed to this gen- 
eral disturbance. 

In the South Atlantic, we have in the far south the folds which char- 


* Leopold Kober, Der Bau der Erds, 1921, pp. 235-236. 

14 Bailey Willis: Research in China. Carnegie Institution of Washington, Publication 
no. 54, vol. 2, 1907, pp. 124-125. Ibid, Continental genesis, also Metamorphic orogeny; 
Bull. Geol. Soc. Am., vol. 40, 1929. 
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acterize the Cape of Good Hope in Africa and the “Gondwanides” of 
Argentina.®* Du Toit links the folds of the Cape with those of Argen- 
tina, shifting south America back into a position close to Africa, accord- 
ing to a modified theory of continental drift. If, on the contrary, we 
recognize the permanency of continents and ocean basins we find that 
there is a swell in the ocean bottom, comprising Nelson bank off the 
coast of Uruguay, Bromley plateau in longitude 38° W., Tristan da Cunha 
on the Mid-Atlantic ridge, and Walfish ridge, the latter extending to the 
southwest coast of Africa. This swell bounds on the south the southern 
pair of basins, which the Brazil-Guinea ridge bounds on the north. Thus 
the Permo-Triassic activity of the Gondwanides was related to the basins 
to which our attention is specifically directed. 

Whether or not land connection between the two continents was estab- 
lished by this southern route is a question which may be left open. The 
best approach to it would probably be by discussion of the climatic effects 
of the closed seas that would be cut off from equatorial currents by this 
southern isthmus as well as by the Brazil-Guinea isthmus. The prob- 
lem of glaciation intrudes. 

In the tropical zone traversed by the Brazil-Guinea ridge we have to 
consider the effects of diastrophism in eastern Brazil and western Africa. 
The granitic exposures on both coasts show that there has been elevation, 
not only recently, but during some past epoch, but they fail to afford any 
date. We may, however, look for sediments derived from the elevated 
coasts and thus determine the period of erosion. 

In northeastern Brazil, west of the broad zone of granite that forms 
the actual coastal plateau, there is an extensive formation of shales, 
limestones, and sandstones of late Carboniferous and Permian age, the 
Estancia series of Branner, which according to Soper and Leme, as quoted 
by Du Toit ® have a thickness of 3,700 meters and are tilted, “some- 
times considerably disturbed, and even faulted.” This great thickness 
of strata corresponds necessarily to an equivalent elevated mass, which 
cannot well be looked for in the wide basin of the Amazon to the west, 
but rather in the now deeply eroded granite belt along the east coast. 
There was then, during late Carboniferous and Permian time, a high- 
coast range along the northeastern coast of Brazil, very similar in posi- 
tion to the axis of ancient crystallines east of the Appalachian trough 
and, like the latter, upthrust by pressure from the adjacent oceanic 
basin. 


1% Alex. L. Du Toit: A geological comparison of South America with South Africa. 
Carnegie Institution of Washington, Publication No. 381, 1927. 
1% Op. cit., p. 95. 
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The African abutment of the Brazil-Guinea ridge, like the South Ameri- 
can, consists of deeply eroded rocks of Pre-Cambrian or early Paleozoic 
age. They do not in themselves afford any evidence, except that of ero- 
sion during some episode of deformation and uplift. Sediments derived 
in part from that region constitute, however, formations of great extent 
and thickness in the Congo basin and are assigned to the Permian and 
Triassic. They are described as the Lualaba-Lubilache system by Four- 
marier*’ and are correlated with the Estancia beds of Brazil by Du Toit.18 
We may conclude that the coastal region of west Africa also was subject to 
deformation during late Paleozoic and Permian time in a manner quite 
similar to that experienced by the opposed coast of South Amercia. 

It has now been shown: 

(a) That the Caribbean basin has exerted pressure against its margins and 
that that pressure, meeting with either static or active resistances, has raised 
its margin in such manner that connections have been established between 
North and South America. 

(b) That certain basins, appropriately situated between Africa and South 
America, were active during the late Paleozoic and Permian time in a man- 
ner similar to that of the activity of the Caribbean. 

(c) That, since those basins developed orogenic pressures equivalent to those 
of the Caribbean, they were competent to raise an isthmian connection between 
Africa and South America. 

(d) Paleontologic evidence requires the existence of such a connection, at 
that place, during the ages specified. 


Thus dynamic and biologic reasoning point to a common conclusion, 
namely that there is a strong presumption of the former existence of the 
Brazil-Guinea isthmian land connection over the actual site of the Brazil- 
Guinea suboceanic ridge. 

The next step in the study relates to the conditions of submergence, 
by reason of which the isthmus may have ceased to function as a land 
connection. 


ISTHMIAN SUBMERGENCE 


The investigation of isthmian submergences may take account of two 
aspects of the subject. Are there any facts to indicate that such a sub- 
sidence may have occurred on the scale and to the depth required in the 
case of the Brazil-Guinea connection? and further, how may we account 
for the subsidence, consistently with our understanding of the dynamics, 
mechanics, and isostatic conditions of the region in question or of similar 
regions ? 


1p. Fourmarier: Carte Géologique du Congo Belge, 2d ed., 1930. 
18 Op. cit., p. 114. 
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In answer to the first of these two questions it might suffice to point 
out that regional subsidences to depths of many thousands of feet are 
demonstrated by the evidence of sedimentation, as having occurred in all 
the continents. It is also commonly assumed, though more difficult to 
prove, that the broad, open basins beneath the oceans have deepened. But 
in the case of the Brazil-Guinea ridge we are dealing, not with a continen- 
tal mass, nor with the bottom of an oceanic basin, but with a ridge raised 
between two basins. The support may be quite different in the several 
instances. 

For a closer homologue we may turn once more to the rim of the 
Caribbean. Every accessible part of that framework shows evidences of 
vertical oscillations, involving upthrusts of many thousand feet, fol- 
lowed by or alternating with subsidences of coordinate magnitude. And 
where that rim is now submerged to depths exceeding 6,000 feet, as be- 
tween Jamaica and Honduras, there is ground for believing that land 
faunas once migrated along a land bridge. 

Since we have reasoned from the upthrusting of the rim of the Carib-. 
bean basin that the Brazil-Guinea ridge can also have been thrust up, 
it is logical to argue from the subsidences of the Caribbean rim that the 
Brazil-Guinea ridge likewise can have subsided. Thus the first question 
regarding the possibility of subsidence seems to have been answered con- 
sistently. 

We may next inquire into the isostatic position of such a ridge. On 
the basis of the evidence of its general basaltic character the ocean bed 
as a whole might be expected to be in isostatic equilibrium, and any ridge 
rising above it would exhibit a plus anomaly, unless it consisted of lighter 
rock and its elevation were compensated by roots. Information as to 
the nature of the rocks along the line of the Brazil-Guinea ridge is con- 
fined to the single emergence of a mountain peak, Saint Paul’s rocks, 
which consists of metamorphic peridotite and for some reason stands many 
thousand feet above its position of normal equilibrium. For further 
data we must turn to the homologue of the Brazil-Guinea ridge, the Mid- 
Atlantic ridge. 

The volcanic, basaltic cone of Saint Helena, standing on the eastern 
slope of the Mid-Atlantic ridge in latitude 16° south, is “a heavy load 
on the earth’s crust and, in large part, seems not to be isostatically com- 
pensated,” 1° as determined by pendulum observations. 

Ascension Island, in latitude 8° south and situated directly on the Mid- 
Atlantic ridge, is also a voleanic mass and consists of rocks ranging from 


1 Reginald A. Daly: The geology of Saint Helena Island. Proc. Am. Acad. Arts and 
Sciences, vol. 62, 1927. 
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basalt to rhyolite. It does not appear that observations for gravity have 
been made on it, which is the more to be regretted because there is evi- 
dence that it rises from a granitic platform ?° or contains a plutonic core 
of relatively light rock. 

In the North Atlantic a line of gravity observations was run by Meinesz 
from the Canary Islands to Haiti, crossing the Mid-Atlantic ridge where 
it lies 10,000 to 13,000 feet below sealevel and rises by long gentle slopes 


some 6,000 feet above the great basins of the eastern and western halves © 


of the ocean.** While the results are described as provisional they are 
presumably comparable among themselves and we may consider them 
accordingly for their relative values. Over the eastern Atlantic basin 
there is a slight plus anomaly, which locally exceeds a similar anomaly 
over the higher Mid-Atlantic ridge, but generally is less. Over the west- 
ern basin there is a slight negative anomaly. Without giving the figures 
too much significance we may note that the lowest value, minus 10 centi- 
meters (Bowie formula), was observed in the western basin and contrasts 
with plus 42, the highest value observed in the eastern basin. The maximum 
on the Atlantic ridge is plus 38. The relative elevation of the ridge above 
the bottom of the basin being some 6,000 feet, a much higher plus anomaly 
would have been expectable on the ridge and its absence indicates the 
probability that it contains specifically lighter rocks, as is the case under 
Ascension and as is also very commonly true of arcuate islands, diorite 
or granodiorite frequently forming the plutonic core. 

In so far as this evidence of conditions in the North Atlantic may be 
extended to the Atlantic Ocean bed in general, it requires that a section 
of the suboceanic crust, if thrust up above sealevel, should show a strong 
plus anomaly and should tend to subside toward its normal isostatic level. 

This conclusion may be still further checked by comparison with gravity 
observations on volcanic piles and arcuate islands, which are appropriately 
situated around the margins of basins of the Caribbean type. Thus, in 
the Canaries Meinesz obtained a value of 203, in Curacao 165, in Balboa 
85, in Honolulu 223, in Guam 220, in Yap 294—all values being plus 
even where the rocks are relatively low in density. The citations might 
be extended and if complete would include some opposed values, such as 
that for Manila, which is minus 5 centimeters. But it is not our purpose to 
discuss exceptional cases due to tectonic disturbance or intrusions ; enough 
evidence has been cited to show that the assumption of the former existence 


2 Reginald A. Daly: The geology of Ascension Island. Proc. Am. Acad. Arts and 
Sciences, vol. 60, 1925. 

2F, A. Vening Mainesz: Provisional results of determinations of gravity, etcetera; 
Koniglike Akad. van Wetenschappen te Amsterdam, Proc., vol. XXX, 1927. 
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of the Brazil-Guinea isthmus above sealevel is consistent with actual oc- 
currences so far as isostasy is involved, and that an isthmus of that alti- 
tude would constitute a load on the earth’s crust, which like Saint 
Helena should tend to subside. 

It is true, as Daly remarks, that Saint Helena has not subsided during 
the period of volcanic activity and quiescence, down to the present. He 
estimated its age at 300,000 years. This is, of course, a short time as 
contrasted with the remoteness of the Permian age, some 200 million 
years. Such a mass must be sustained by rigidity of the earth’s crust, 
combined with strength. Rigidity is a quality which involves the factor 
of time. The material may yield through fatigue. Strength is a func- 
tion of both pressure and temperature, both of which have undoubtedly 
undergone decided changes in the final eruptions and decadence of that 
activity which characterized the Atlantic deeps when the Brazil-Guinea 
isthmus is thought to have existed. It is demonstrated by the elevations 
and subsidences of the framework of the Caribbean that great fluctuations 
of level occur during the active life of a basin. It is logical to infer that 
subsidence of superelevated masses must follow on the outflow of mag- 
mas and cessation of activity. 


LAND AREA OF THE BRAZIL-GUINEA RIDGE 


Drawing the outlines of a lost isthmus is a somewhat different problem 
from that of sketching in the boundaries of a lost continent. In the 
latter case there is no control; but an isthmus, if defined as the upthrust 
margin of a deep basin, must conform within limits to the actual form 
of the depression. The latter has, no doubt, undergone some changes in 
consequence of the subsidence of its once upthrust periphery, but its cen- 
tral area will remain as a permanent feature of the crust. The isthmus 
can not properly invade it. 

Proceeding outwards from the central region of a basin we cross the 
bathymetric contours and recognize their controling influence until we 
come to a pass between two basins. It is the lowest saddle and must 
have stood above sealevel, if the isthmus was once continuous. It does 
not follow that the entire ridge must have been raised by an amount equal 
to the depth of submergence of the saddle. The latter may have held a 
position with reference to its surroundings quite different from its actual 
relation. Nevertheless, we shall probably come nearer to the original 
outlines of the isthmus if we restrict its width at this point to a minimum 
that is reasonably consistent with the demands of the biologist for migra- 
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Having located the narrow waist of the isthmus we may delineate its 
body, which may spread somewhat as Central America widens from the 
Isthmus of Panama. Again we may cross the bathymetric contours, 
but in a diagonal direction, governed by the rounded, discoidal form of 
the basin. Disregard of the contours to a reasonable extent is indicated 
by the changes of slope which must have accompanied subsidence and 
also have resulted from the Cenozoic diastrophism of the Atlantic floor. . 

Where three or more deeps define an isthmian ridge it expands into a 
triangular or quadrilateral form, as may be seen in the masses of Hon- 
duras and Yucatan. The crossing of the Brazil-Guinea ridge with the 
Mid-Atlantic ridge is a region where a considerable land-area probably 
rose in the central Atlantic, without however attaining magnitude suff- 
cient to affect the permanency of the adjacent basins or of the far greater 
continental areas of Africa and South America. 

The general argument for the former elevation of the Brazil-Guinea 
ridge to an isthmian altitude applies with equal force to the Mid-Atlantic 
ridge, in so far as it borders the same basins. Southward it would seem 
to have extended to about latitude 35 degrees or 40 degrees, where the 
islands of Tristan da Cunha and Diego Alvarez now rise at the junction 
with Walfish swell. The latter also may have stood high and have con- 
nected with southwest Africa, in which case the basin between the Mid- 
Atlantic ridge and Africa was a more or less enclosed caribbean. The 
comparison suggests rather large openings in the framework and the 
movement of narrow currents through the channels and deeps, as in the 
West Indies. This phase of the problem can best be approached along 
climatic lines of investigation. 

Northward from the Brazil-Guinea ridge the Mid-Atlantic ridge trends 
northwestward to about 7 degrees north latitude, where the ocean floor is 
very flat. Beyond this there is a gap of 600 miles without a sounding, 
and the continuity of the ridge is open to question. There is biological 
reason for thinking that even in Permian time it did not stand high 
enough to bar the flow of ocean currents from the Asiatic and European 
waters of the Tethys to the southern coast of North America, since marine 
faunas migrated along that route. 


OTHER LAND CONNECTIONS 


The reasoning that proceeds from the recognition of the principle of 
permanency of continents and ocean basins and from the occasional dyna- 
mic activity of the latter applies not only to the Brazil-Guinea ridge as 
a land connection between Africa and South America, but also to other 
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connections between continental masses that are now separated. It would 
lengthen this article unduly to consider in detail the facts bearing on 
other isthmian zones, but reference should be made to the principal links 
delineated on the accompanying maps of Permian isthmuses. 

There is biologic evidence of migrations between Africa and India 
which requires the existence of a land connection at least in Permian 
time. To define the probable path we may examine the bathymetric 
map to discover the positions of the deeps and to trace the submerged 
ridges between them. The northwest basin of the Indian ocean, some- 
times called the Arabian sea, is a typical oceanic basin of great breadth 
and characteristic depth. The adjoining continents of Africa and India 
are widely mantled with sediments of Permo-Carboniferous age, which 
were derived from upraised lands and thus testify to diastrophic move- 
ments. The latter, according to the thesis of this discussion, are at- 
tributed to the activity in the oceanic basins that delimit the land masses. 
Thus the facts and argument run parallel with that which supports the 
elevation of the Brazil-Guinea ridge. 

The submerged ridge which may be regarded as the trace of the former 
isthmus between Africa and India is tortuous, but well defined. It runs 
from Africa east to Madagascar, thence northeast through minor islands 
to the great arcuate ridge of the Seychelles, which it follows southeast- 
ward for some 500 miles to the broad, barely submerged bank, Saya de 
Melha. From that plateau it crosses a channel that is 12,000 feet deep 
to the long swell which supports the Chagos, Maldive, and Laquedive 
islands and which extends northward to the western side of the Indian 
continental peninsula. 

The general form of this isthmus is that of the capital letter N. The 
Seychelles have a basement complex of gneissic and granitic rocks and 
are thus petrographically of the continental type, as Madagascar is. This 
was pointed out by Blanford,®* as far back as 1890, but he argued that 
both of these islands had formed parts of an extensive Gondwana land, 
whereas according to the view that they were always, as now restricted in 
area, they would be considered to be granitic apophyses from a large 
magma basin or independent eruptions of granite of relatively small mass. 

This isthmian link may best be described as the Africa-India ridge or 
isthmus. In tracing its outlines we are governed by the location of the 
deeps, which isostasy forbids us to cross, and guided to some extent by 
the actual relief. The bathymetric contours are not entirely reliable as 


2W. T. Blanford: Anniversary address of the President. Geol. Society of London: 
Quart. Jour. Geol. Soc., 1890, p. 63. 
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guides because the Indian Ocean basins have been the scene of pronounced 
diastrophism during the Cenozoic and the framework of any deep has un- 
doubtedly undergone material changes of form and elevation. The 
general positions of the basins and of the intervening ridges have, how- 
ever, persisted, according to the postulate that the basins were originally 
determined by basaltic eruptions and are necessarily permanent under 
the control of isostasy. 

The East Indies were in Permian time the scene of geographic condi- 
tions apparently not very unlike those of the present lands and seas, 
The southeastern peninsula of Asia may well have extended as land or 
shallow sea-bottom to Sumatra, Java, and Borneo, as it now does. Aus- 
tralia and New Guinea, now separated by a broad shallow, constitute a 
distinct mass, which would form a larger Australia if slightly elevated, 
Between Asia and Australia there was in Permian time generally a sub- 
merged belt as is shown by the marine faunas found on Timor and other 
intervening islands. 

There is, however, evidence of migration of land plants and fauna from 
Asia to Australia and therefore of an isthmus along which they traveled, 
Again we look to the activity of the deeps to establish the links by raising 
their margins. 

Diabase tuffs interbedded with Permian sediments furnish the data 
by which to date eruptive activities that produced a variety of basic flows 
and intrusives. The geographic conditions appear to have resembled 
those of the Windward Islands and the dynamics those of the actual 
Caribbean. 

The basins are relatively small. There is the Banda deep, an irregular 
depression, which is about 700 miles across from east to west, and the 
Celebes deep, that is about 500 miles in diameter. In both the sound- 
ings go down to oceanic depths of 12,000 to 15,000 feet. 

Around these deeps and some minor ones there now wind those arcuate 
chains of islands that have been the subject of discussion by Molengraff, 
Brouwer, and others. They bear definite evidence of great changes of 
level during the Tertiary and post-Tertiary disturbances, on a scale simi- 
lar to that of movements in the Caribbean framework. The deduction 
is close that these changes may have established temporary connections 
as the others have in the West Indies, and that the same kind of action pro- 
duced the isthmuses that connected Asia and Australia in Permian time. 

The links may have been forged by a southern route, along the are 
of Sumatra, Java, and Tanimber, or by a northern path, from Borneo 
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through Mindanao, Halmahera, and New Guinea, or by both; while an 
intermediate possibility would be through the Celebes and Ceram. 

We have in the East Indies to deal with relatively small and complex 
features of the earth’s crust, not unlike those of the Mediterranean, but 
dynamically they are similar to those of the arcuate garlands that fringe 
Asia and Alaska and to the great isthmian links we have traced from 
South America to Africa and from Africa to India. 


GONDWANALAND 


The great continent of Gondwana has appeared on many maps since 
Suess first named it. It has preempted without title large areas of ocean 
basins. It has furnished paths of migration to wandering floras and 
faunas. The last named function has been its one undeniable justifi- 
cation for a hypothetical existence and if it be taken by an isthmian link, 
such as the Brazil-Guinea isthmus, Gondwana will have little claim to 
recognition. The two present a case of alternative hypotheses, which 
may be tested by the laws of geophysics and climatology. | 

The idea of extensive continents which have been replaced by oceanic 
basins was conceived before it was established that continents consist 
of relatively light rocks and ride high with reference to heavier, sub- 
oceanic masses because of that lightness. Those relations being firmly 
established, however, we must suppose that Gondwana, if it ever had 
continental extent, also had continental lightness. If then through some 
failure of its foundations it sank 15,000 feet the resulting hollow in 
the earth’s surface should show a strong defect of gravity, a negative 
anomaly. The facts, so far as they are known, are to the contrary: 
oceanic basins appear to be nearly in equilibrium, with a tendency over 
wide areas toward a plus anomaly. It is not conceivable that they are 
underlain by a sunken mass of granite of continental dimensions. 

It may be suggested that the Gondwana continent was exceptional and 
consisted of relatively heavy basalt, which has now sunk to its equilibrium 
level. If so it was 15,000 feet above that level when it rose above the 
waters and constituted a very heavy load on the earth’s crust. Loads 
that exert a pressure per square foot equai to that of basalt at continental 
altitude are carried by the crust, as in the case of Saint Helena and the 
Hawaiian volcanos, but they are relatively very small masses and the 
stresses due to their weight diminish rapidly in intensity per square foot 
as they spread into deeper layers, 10 to 25 miles below the surface, where 
the crust is strongest. Given a portion of the earth’s crust a thousand 
miles or two across, the stresses could not be so distributed and the basaltic: 
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mass, even during its eruptive history, would have to sink to the level 
assumed by ocean bottoms. 

Thus, which every way we look at the question, the former existence 
of a Gondwana continent appears to be inconsistent with the facts of 
isostatic equilibrium as demonstrated by the broad relations of continents 
and ocean basins. 

Applying the same test of isostatic support or support by rigidity to 
isthmian links, we may note that they are restricted to limited dimen- 
sions, similar to those of existing isthmuses and volcanoes. If once up- 
thrust, they were thrust up as similar ridges are now being elevated. If 
sustained for a time by rigidity, they were sustained as similar masses 
now are. If they have subsided, they have sought their isostatic level as 
the frameworks of similar character also have done. If they now stand 
as ridges in the ocean floor, it is because they contain a core of grano- 
diorite or similar, light rock, at least to some extent, as the Mid-Atlantic 
ridge seems to and as the accessible arcuate ridges generally do. 

The former existence of a great Gondwana continent has been chal- 
lenged on the ground that it displaced too much water. Rather, per- 
haps, should the argument be that its disappearance would have added too 
greatly to the capacity of the ocean basins. As depicted on maps of the 
Permian geography, such as Arldt’s ** for instance, Gondwanaland oc- 
cupies one-fifth or one-sixth of the total oceanic area of the globe, while 
other large areas of the northern oceanic depressions are similarly filled. 
When thus displaced the waters should have stood high around and over 
the continents; but the fact is that the continents stood high out of the 
waters. Or, when Gondwanaland sank, say in Jura-Cretaceous time, the 
added capacity of the basins should have caused a general lowering of 
sealevel around the lands, whereas again the facts are just the opposite. 
Gondwanaland has been sketched too freely, without regard for the physi- 

cal limitations of space or for the relative levels of land and sea. 

Isthmian links are not open to the objection that they encroach too 
largely upon the ocean basins or that their subsidence should have 
materially affected the altitude of sealevel. 


Criimatic Test oF IstHMIAN LINKS 


Climatology offers a crucial test of the validity of any hypothetical dis- 
tribution of lands and seas during past ages. The rotation of the globe 
and the general circulation of the atmosphere constitute a group of con- 


2T. Arildt: Entwickelung der Kontinente; 1907; Carboniferous and Trias. 
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ditions from which local variations develop according to the distribution 
of land and sea. The general laws governing the circulation of atmos- 
pheric and oceanic currents are known and may be applied to determine 
the probable conditions of temperature and humidity for any geographic 
arrangement. We may apply this test to Gondwanaland and the isthmian 
links, respectively. 

The test is indeed a critical one, since it involves explanation of the 
fact that the four continental masses projecting into the southern oceans 
were glaciated during the Permian, even within the tropics. During the 
same general lapse of Permo-Carboniferous time the Arctic enjoyed a 
climate consistent with plant growth adequate to accumulate peat, which 
has become coal. The conditions were undoubtedly both extreme and 
exceptional. 

On Arldt’s maps of Gondwanaland the southern border of the continent 
is drawn approximately along latitude 35 degrees south, and the land 
covers the tropics throughout 180 degrees of longitude. Its southern 
margin, stretching across two oceans from South America to Australia, 
would lie in the belt of high barometer in which occur the Kalahari and 
Australian deserts. Its northern expanse would be in the zone of the per- 
sistent trade winds, which, blowing over hundreds of miles of plateau, 
would be as dry as the winds of Arabia and the Sahara. The heat and 
aridity of that Gondwanaland would have surpassed those of any known 
desert; yet the record demands that succulent floras shall have migrated 
there and ice-sheets shall have spread down to sealevel during one or 
more glacial epochs. 

A different solution of the problem of Permian glaciation was at- 
tempted by Wegener,** who grouped the continents closely around south- 
ern Africa and shifted the pole to latitude 45 degrees south, longitude 50 
degrees east, southeast of the Cape of Good Hope. Coleman * has pointed 
out that under this rearrangement of land and sea there would be no 
source of moisture for snowfall, and Siberian lack of glaciation would 
prevail. 

The hypothesis of land connections by isthmian links is next in order 
for the climatic test. The map has been submitted in manuscript to 
Doctors G. C. Simpson and C. E. P. Brooks of London and to Doctor 
W. J. Humphreys of Washington. They are all agreed that the prin- 
cipal terrestrial belts of high and low barometric pressures would have in 


24 Alfred Wegener: The origin of continents and oceans, English Transl., 1924, p. 100. 
% A, P. Coleman: Glaciation and continental drift. Geogr. Jour., vol. Ixxix, March, 
1932, pp. 252-255. 
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the southern hemisphere in general the positions they now occupy, and 
that the southern oceans would be decidedly cool in high latitudes. Doe- 
tor Simpson does not think it possible that any rearrangement of land 
and sea or of ocean currents can have produced glaciation. He accepts 
a shifting of the poles as a probable condition, but recognizes changes of 
solar radiation as a probable ultimate cause.*° 

Doctor Humphreys’ views have been stated in his work, Physics of the 
Air (1920), and his main conclusion is that great volcanic eruptions of 
the explosive type have probably thrown into the air sufficient quantities 
of voleanic ash to cut off the sun’s rays to a degree adequate to cause 
glaciation. Commenting on the map of isthmian links, he concludes 
that oceanic circulation in the southern oceans would be weak and the 
water cold; certain basins within the tropics, but south of the isthmii, 
would be quite warm; but these conditions would probably not suffice to 
“make a Greenland of South Africa.” 

Doctor Brooks refers to his discussion of the problem of Permian glacia- 
tion in 1926,?7 in which he dissented from the views of Wegener and, 
without attempting a final solution of the Permian problem, postulated 
height of land, moisture-bearing winds, great cloudiness, and heavy snow- 
fall as contributing conditions. These conditions might, he writes, pro- 
duce glaciation on a plateau at sufficiently great altitude under the ar- 
rangement of continents and isthmii indicated on the accompanying map. 

Guided by these critical and helpful discussions, the test of the hypoth- 
esis of isthmian links along climatological lines has taken the following 
form. 

It is postulated that the conditions favorable to continental glaciation 
comprise : 

(a) General lowering of surface temperatures the world over, but probably 
of moderate degree only. The most probable cause now indicated is a varia- 
tion in intensity of the sun’s radiation—an actual lessening of the heat given 
off or possibly (according to Simpson) an increase in that energy followed by 
greater cloudiness. 

(b) General persistence of atmospheric circulation as established in the 
dominant air currents of the lower and upper strata (trades and anti-trades, 
westerlies, etcetera), with maintenance of the major zones of high and low 
barometer around each hemisphere, though with local intensifications. 

(c) An arrangement of oceans and lands such that warm and cold currents 


2G. C. Simpson: Past climates. Proc. Manchester Lit. and Hist. Soc., vol. 74, 1929, 
and personal correspondence. 

27C¢, E. P. Brooks: Meteorological conditions during the glaciation of the present 
tropics. Quart. Jour. Roy. Meteor. Soc., vol. 32, 1926, pp. 251-262. 
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became strongly differentiated and produced marked differences in atmospheric 
temperatures and humidities in adjacent areas. 

(d) Intrusion of heavy cold winds from high latitudes beneath warm-moist 
winds from low latitudes and consequent elevation of the latter to the level, 
first of fog formation and secondly of snowfall, independent of height of land. 

(e) Chilling of oceanic surface waters by spread of polar ice-floes and by 
expanse of ice-cold surface waters under a prevailing fog screen. 

(f) Reversal of the vertical oceanic circulation in consequence of the sink- 
ing of heavy saline, though warm waters beneath lighter, because fresher, 
though cold waters, with the result that high-latitude surface temperatures 
spread on ocean currents to lower latitudes, and also with the effect that rela- 
tively warm waters carried warmth to polar seas. 

(g) Supplementary, sequential, or adventitious conditions, such as the de- 
velopment of a local anticyclonic area over a mountain peak (Ruwenzori) or 
a more or less transient screen of volcanic ash (Humphreys) or other un- 
discovered factors. 


It is not the purpose of this article to analyze and evaluate these dif- 
ferent conditions as a hypothetical cause of glaciation. That is in itself - 
a task for intensive research, which might result in material modification 
of the relations between the initial postulates and introduce new ones. 
But all of these conditions now exist, and their grouping in greater or 
less intensity produces glaciers in Alaska, Greenland, and even directly 
on the equator. For our test of the hypothesis of isthmian links it will 
suffice to show that under that geographic development the oceanic and 
atmospheric conditions would change distinctly in favor of glaciation in 
the southern areas where Permian ice-sheets accumulated, while tem- 
pered airs and waters would prevail in the Arctic. 

We have first to recognize that during a long period of Carboniferous 
time extensive epicontinental seas indicate quiescence of internal terres- 
trial forces and general prevalence of one of the grand climatic cycles of 
geologic history when genial temperatures spread to the polar regions. 
There was probably no ice or snow in either hemisphere anywhere during 
a summer season, and certainly no ice-cap. A very great change in the 
aspects of land and sea and in zones of climate was inaugurated and 
developed by the reawakening of terrestrial forces and the elevation of 
continents and mountain chains during the late Carboniferous and Per- 
mian. There is abundant sedimentary evidence that South America, 
Africa, India, and Australia were warped by these movements in such 
a manner as to produce high plateaus and basins. We postulate that 
the Brazil-Africa, Africa-India, and Trans-East Indian isthmii were 


elevated during this orogenic period. 
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On inspection of the Permian map it will become evident that the 
South Atlantic and Indian oceans thus became isolated from the general 
oceanic circulation and were so confined as to give them marked in- 
dividuality. They were shut off from the great warm equatorial current, 
which carried marine tropical organisms from the East Indies to Texas 
and swept on across the Pacific, encircling the world. They had, how- 
ever, notable areas within the tropics in the form of land-locked embay- 
ments, while the more open waters lay in the temperate and polar zones, 

The consultant meteorologists are agreed that the belts of high and low 
pressure and the general circulation of the air would be much the same 
under these circumstances as now, at least up to the point when glacia- 
tion became influential, if glaciation developed. The weight of their 
opinion is that there would not be any glaciation in the latitudes of the 
southern continents, except the Antarctic, unless there were some general 
lowering of temperature. That consensus of opinion can not well be set 
aside. We recognize the need of a general cause of low temperatures. 

Admitting that, we may proceed farther with the study of local con- 
ditions. 

Circulation in the South Atlantic would be anticlockwise and probably 
slow. A cold current would pass up the west coast of Africa and the 
Mid-Atlantic ridge, would become warm in the tropical eddy, and 
flow south along the coast of America, with the effect that the Gulf stream 
now has in the north. The East Atlantic basin, enclosed between the 
Mid-Atlantic ridge and Africa, with presumably only little inflow of cold 
water along its southern chain of islands, would circulate slowly and 
become very warm. In the same low latitude, east of Africa, was the 
Arabian basin, likewise a warm sea since it was shut off from the southern 
ocean by the Africa-India isthmus, lay entirely in the tropics and probably 
communicated at the north with the great equatorial current. The Gulf 
of Bengal was likewise a tropical eddy, driven by the northeast and south- 
east trades. The slight east-to-west current which they produced where 
they converged along the equator split against the Africa-India isthmus 
and caused a clockwise rotating gulfstream toward the north and an anti- 
clockwise-moving one toward the south. Moving slowly under the equa- 
tor the waters would heat up. 

In high latitudes the waters of the Atlantic and Indian oceans would 
become cool and eventually cold under the refrigeration of the polar re- 
gion, consequent on the general lowering of temperature. We must 
logically assume that glaciation would begin on Antarctica, that ice-floes 
would form, and that the southern seas would be chilled. In view of 
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the weak horizontal circulation it is reasonable to think that the cold- 
surface waters would spread northward and the ice-floes would advance 
accordingly. 

South America, projecting farthest toward Antarctica or probably 
united with it, would first experience long, severe winters, perpetual snow, 
and progressive glaciation. Patagonia was then probably what it now 
is,a high plateau, while central Argentina was a shallow sea in which ice- 
bergs dropped their burden.** These may to some extent have been of 
Andean origin (a late Paleozoic range), but the significant occurrences 
of tillite lie northwest and west of the coastal plateau of Brazil, between 
latitudes 28 degrees and 19 degrees south. From a land that possibly ex- 
tended somewhat farther out into the Atlantic than it now does, glaciers 
descended inland, northwestward, into the interior basin. 

From this icebound coast of South America cold currents moved with 
the westerly winds northeastward toward Africa. Both air and water 
brought the chill to South Africa, where a principal center of glaciation 
developed in northern Transvaal, about on the Tropic of Capricorn. 
Thence the land-ice moved southeast, south, and southwest. The ice- 
sheets were not simple, but the details of extent and distribution do not 
belong here.” 

The glaciation of South America and South Africa was thus promoted 
by a refrigeration of the South Atlantic, according to hypothesis; but 
the cold ocean is not in itself a sufficient cause, as appears if we consider 
the present lack of glaciers on arctic Alaska and Siberia. A source of 
moisture to yield heavy snowfall is also essential. 

The interior sea of South America and the current flowing south along 
the eastern coast were warm. So also were the waters of the eastern At- 
lantic basin and the Arabian sea as already stated. All of these evaporat- 
ing pans lay in the zone of low barometer and yielded moisture to the 
warm, ascending air currents which flowed southward to the southern 
zone of high barometer. From the latter cold winds blew northward at 
a lower level, pushing under the humid, rising stratum. On becoming 
saturated the latter formed fog and also snow, if it became chilled to the 
freezing point of vapor. 

Snow, falling through the lower stratum, might be melted, but if so 
would lower the temperature toward freezing, thus causing cold, foggy 
summer weather, favorable to a low altitude for the line of perpetual 


3A. L. Du Toit and F. R. C. Reed: A geological comparison of South America with 
South Africa. Carnegie Institution of Washington, Pub. 381, 1927, p. 101. 

*®A.L. Du Toit : Carboniferous glaciation of South Africa. Trans. Geol. Soc. of South 
Africa, vol. xxiv, 1921, pp. 188-227. 
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snow and to the accumulation of névé on elevated ground. It is signifi- 
cant in this connection that the centers of the ice-sheets in both South 
America and Africa were situated far to the north, on the margins of the 
warm, humid basins. The specially favorable condition proceeds directly 
from the location of the isthmian links and the oceanic circulation which 
they directed within the tropics. 

In order, however, that snow should lie and accumulate from year to 
year some elevation of the land is required, though not necessarily great 
elevation. Brooks, for instance, estimates that, if mean sealevel tem- 
perature were 50 degrees Fahrenheit, perpetual snow would lie at 6,000 
feet. In order that this condition should have been reached in Permian 
Africa in latitude 25 degrees south, the isotherms must have been shifted 
some 20 degrees northward from their present positions. We would 
have to regard that effect as a result of the refrigeration of the South 
Atlantic. The northern limit of Antarctic pack ice would then have 
lain between latitudes 30 degrees and 40 degrees south instead of between 
50 degrees and 60 degrees as now. That is, the pack might have reached 
the Cape of Good Hope during the glacial epoch. 

Whether this northern expansion may have been reached by the Antarc- 
tic ice or not depends primarily on the severity of the general refrigera- 
tion, which is thought to have been notable and probably excessive dur- 
ing some of the glacial epochs; but certain auxiliary conditions may be 
mentioned in this connection. 

One is the reversal of vertical oceanic circulation suggested by Cham- 
berlin,®® who showed that the balance between warm, saline, and cold, 
fresh waters is close. Either may be the heavier and sink below the 
other, according to moderate variations of salinity and temperature. Con- 
ditions of evaporation in tropical, eddying waters were peculiarly favor- 
able to high salinity in the northern part of the South Atlantic and in 
the Indian Ocean, whereas the melting of ice and snow freshened the 
waters flowing from the southwest. It is probable that the surface tem- 
peratures north of the ice-pack were those of melt-waters and that they 
advanced much farther north than would be the case if the latter had 
sunk under warmer currents, as they now do. Sandstrom * describes the 
occurrence in the Gulf of Saint Lawrence of a layer of cold fresh water 
which attains a thickness of more than a hundred meters and is attributed 


80 T. C. Chamberlin: On a possible reversal of deep sea circulation and its influence 
on geologic climates. Am. Ph. Soc. Proc., vol. 45, pp. 33-43, and Jour. of Geol., vol. 14, 
1906, pp. 363-373. 

3 J. W. Sandstrom: The hydrodynamics of Canadian waters. Canadian Fisheries Ex- 
pedition, 1914-15, Ottawa, 1919. 
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in large part to Greenland sources. Its temperature is 0 degrees centigrade. 
It lies between a warmer bottom layer and surface waters and is a per- 
sistent, permanent stratum during winter and summer. This remark- 
able body of melt-water is 10 degrees to 15 degrees of latitude south of its 
main sources and no doubt extended far into the temperate zone when 
the ice-sheet reached Long Island in latitude 41 degrees. It serves to 
illustrate the probable effect of the Permian ice-pack on the tempera- 
tures of the zone north of it. 

Pursuing the enumeration of glacial occurrences, we may cross the In- 
dian Ocean to Australia, where the phenomena exhibit a longer history 
than in Africa or possibly South America and extend from the southern 
margin of the island-continent northward on both sides to or beyond the 
Tropic of Cancer. Tasmania was even more heavily glaciated. North- 
ern Australia was, however, bathed in warm waters. The trans-Pacific 
equatorial current passed its northeastern coast, including probably New 
Guinea, while the tropical eddy of the Gulf of Bengal swung northward 
along its northwestern shores. The latter, though possibly cool in that 
latitude, was warmer than the icy melt-waters of the southern zone. 

From this brief review of the facts of glaciation of South America, 
South Africa, and southern Australia two dominant facts stand out: (1) 
The glacial climates in subtropical and tropical latitudes were induced 
by the chill of an Antarctic ice-sheet, which affected all the region within 
the Antarctic circle, but spread farthest north in the confined Atlantic 
and Indian waters; (2) The precipitation of snow reached a maximum 
where warm, moist winds were most sharply cooled, and there gave rise 
to centers of thickest ice-sheets. The conditions were most favorable 
along the northern edge of the southern belt of high barometer. 

This climatic test of the hypothesis of isthmian links would be incom- 
plete without a consideration of the glaciation of India. The problem 
is transferred to the northern hemisphere and is thereby materially 
changed. The center of glaciation in the peninsula lies more than 3,000 
miles north of the southern centers, and the equator intervenes. No 
direct connection between the occurrences can reasonably be assumed. 
The case must be considered on the basis of a general cause and the local 
geographic and topographic conditions. 

In what follows we pursue a line of thought suggested by Brooks,* 
though with modifications required by the substitution of isthmian links 
for Gondwanaland. He calls attention to the manner in which a coast 
range with adequately steep front may cause onshore winds to form fog 


2C. E. P. Brooks: Op. cit., p. 257. 
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and lower the snowline by shutting off the sun’s rays. The conditions 
are typically illustrated along the southern coast of Alaska, which is 
now heavily glaciated to 150 miles inland and discharges glaciers to the 
sea from altitudes of 12,000 feet to 18,000 feet. The length of the gla- 
ciated coast is about 600 miles. During the Pleistocene the length of 
coast, along which large glaciers descended to the sea, stretched more 
than 1,000 miles further south, and the belt of snow-buried mountains 
was 400 miles and more across. Beyond it lay bare arid plains. 

India, during the Permo-Carboniferous, was in part high enough to 
yield continental sediments 9,000 feet thick. There can be no doubt that 
a highland of notable altitude was eroded. At the bottom of the sedi- 
ments is a glacial till and other tills are interbedded with fine silts and 
coal beds. The land surface of the coal basins was an extensive plain 
at very low altitude in a subsiding coastal zone, while behind it rose a 
coast range or plateau. The sedimentary terrane now remains in two 
principal belts. A northern one extends from latitude 21 degrees north, 
longitude 85 degrees east northwesterly across central India for 700 miles 
to latitude 26 degrees and longitude 75 degrees, its trend paralleling the 
Ganges depression which at the time of deposition was occupied by the 
southern waters of the Tethys strait. A southern remnant of the Permo- 
Carboniferous terrane also trends northwesterly and has a length of 
300 miles between latitude 17° 20’ and 20 degrees north and longi- 
tudes 79 degrees and 81 degrees east. The breadth of the area between 
these two belts is 350 miles. It has been assumed that it also was cov- 
ered by the deposits and that the ice-sheet was of continental propor- 
tions, but there seems to be good reason for not exaggerating the prob- 
able facts. If the sedimentary terrane was formerly continuous between 
the two basins, its volume, the area of erosion, and the glaciation were 
at least five times as great as the now remaining portions. This con- 
stitutes a group of grave improbabilities. One the other hand, the posi- 
tion and relations of the two troughs are entirely consistent with the sug- 
gestion of a tectonic origin—synclines or fault valleys—and the preserva- 
tion of the inlaid sediments in the deeper sections. 

The elevation of India during the late Paleozoic and Permian was an 
incident in the general orogenic activity of those periods. According to 
the basic hypothesis which underlies the interpretation of the Caribbean 
framework and the upthrusting of the isthmian links, the effects were due 
to forces originating beneath oceanic deeps. Pursuing that line of rea- 
soning in the case of India, we observe that it is a wedge-shaped, con- 
tinental mass between the Arabian sea and the Gulf of Bengal. If com- 
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pressed from southwest and southeast it would be raised highest in a 
southern section and be pushed northward by the resultant of the converg- 
ing stresses. We think of the initial pressures as deep-seated. The 
superficial outcrops of shearing planes would appear north of the region 
of maximum stress and with an east-west trend or one diverging from 
that direction by an amount depending on the inequality of the two pres- 
sures. At the present time, as a result of Plio-Pleistocene orogeny, the 
southern point of the triangle is highest, both sides are raised higher 
than the interior plateau, the southwestern side is higher than the south- 
eastern, and there is an elevated section of the plateau that trends parallel 
with the Permo-Carboniferous troughs just southwest of the southern 
one. The structural warping of the peninsula has not been studied phy- 
siographically, but, so far as may be inferred from the broad general 
facts of altitudes and river courses, it confirms the hypothesis of conver- 
gent pressures during the actual period of deformation. The same con- 
ditions are here postulated as having had similar, but apparently some- 
what greater effects during the Permo-Carboniferous. 
Altitude, then, was an initial condition of that glaciation. Moisture 
in great abundance was also a prime essential. It rose from two sources, 
the Gulf of Bengal and the Tethys strait. The former was an eddy under 
tropical sun ; the latter carried the equatorial current, which bore a tropi- 
cal fauna. Across both the trades blew steadily from northeast to south- 
west, toward the mountains. Advancing with a broad front, the warm, 
humid air current was split by the spur of the eastern coast range and 
enveloped it in fog and snow. Farther west it precipitated snow heavily 
on a range south of the northern belt of the glacial deposits and produced 
glaciers that descended a hundred miles or more to the coastal plain of 
the Tethys. Winds from the Gulf of Bengal swept inland over a trough 
valley to a more southerly height, and occasioned the second line of gla- 
ciers, now represented in the southern zone. Beyond lay arid plateaus. 
It remains to consider the temperate climate of the Arctic, which is 
indicated by the occurrence of coal beds on Banks land between latitudes 
71 degrees and 74 degrees north, and by the absence of Permo-Carbon- 
iferous glacial deposits, so far as known. One obvious explanation may 
be found in a comparison with polar climates during the interglacial pe- 
riods of the Pleistocene, when, as is well known, they were temperate 
or even warm temperate and vegetation grew luxuriantly in the far north- 
ern lands. The Permo-Carboniferous ages were likewise characterized 
by great changes of climate, ranging from glacial to warm interglacial. 
We ma point out, however, that the separation of the northern and 
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southern oceans by the continents and isthmian links was as favorable to 
tempered climates in the Arctic as it was to cold conditions in the Ant- 
arctic. The continuous and persistent equatorial circulation produced a 
large body of warm oceanic water, which became more saline and denser 
as it circulated. The effect may well have been at least as great as the 
concentration of Mediterranean waters of the present, and they sink be- 
neath the Atlantic. Thus the conditions were such as would produce a 
warm, subsurface current flowing northward beneath cooler surface waters 
and rising in the Arctic as a warm-water heating system. The climate 
would be correspondingly ameliorated in the northern, even though severe 
in the southern hemisphere. 

The discussion of glaciation during the Permo-Carboniferous has been 
undertaken in this article simply as a test of the influence of the postu- 
lated isthmian links. Had the geographic and climatologic conditions 
imposed by them been found unfavorable, their former existence would 
have been less probable, possibly to the degree of negation. The contrary 
is the case. Given a general cause of refrigeration, which appears to be 
an essential condition under any circumstances, the geographic isolation 
of the southern oceans constitutes a cause of glaciation and explains the 
peculiar local development of the centers of ice accumulation. 


CONCLUSIONS 


To sum up the presentation of the hypothesis of isthmian links we may 
say: (1) Reasoning regarding the orogenic process of their uplift is based 
on the facts of the Isthmus of Panama and the upthrusting of the frame- 
work of the Caribbean. (2) On being tried by the requirements of paleon- 
tologic facts the hypothesis is found fit as regards times and routes of 
migration, both for terrestrial and marine organisms. (3) Tested by the 
facts of the unusual climatic conditions it is found to provide a reasonable 
explanation of their peculiarities, in accordance with known principles and 


effects of meteorology. 
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INTRODUCTION 


Fifteen years ago petroleum geology was in its infancy. At that time 
some field mapping for oil had been accomplished in Kansas, Wyoming, 
and Oklahoma, but very little had been done in Texas. ‘The real impetus 
to this branch of geology in Texas followed the discovery of oil at Ranger, 
in Eastland County. This was in 1917. In the same year, at Tulsa, 
after having held several informal meetings in 1915 and 1916, the South- 
western Association of Petroleum Geologists was permanently organized, 
one year later to become the American Association of Petroleum Geolo- 
gists (18). At the end of 1918 and in 1919 the ranks of those apply- 
ing their knowledge to the search for oil were greatly increased by geolo- 
gists returning from the World War. These dates are mentioned as a 
background for the subject of the present paper. It is the writer’s aim 
to point out briefly how far and in what respects petroleum geology has 
contributed to the science of pure geology. The discussion will be limited 
to Texas, Louisiana, southern Arkansas, and southeastern New Mexico, 
known together as the southern Mid-Continent area, therefore omitting 
from consideration the salt dome belt of the outer Gulf coastal plain of 
Texas and Louisiana. 


1 Manuscript received by the Secretary of the Geological Society January 13, 1932. 
? Numbers in parentheses refer to the bibliography at the end of this paper. 


(953) 


= 


954 ¥. H. LAHEE—CONTRIBUTIONS OF PETROLEUM GEOLOGY 


Through the diligence of petroleum geologists a great deal has been 
learned of the distribution and correlation of formations on the surface, 
The earlier maps by Veatch (2), Deussen (5), and Udden, Baker, and 
Bése (6)—maps of great value to all who have had occasion to use them— 
have been revised and amplified by subsequent work by Plummer (9), 
Wentland and Knebel (21), Moody (29), and many others. But we are 
concerned here rather with subsurface geology, for this branch of the 
science owes nearly all to the data obtained from drilled wells. 


SUBSURFACE GEOLOGY 


Previous to 1917 very little had been published on subsurface inter- 
pretations of this region. Probably the outstanding contribution at that 
time was G. D. Harris’ Sabine Uplift (4). In 1917 the Oil Trade Jour- 
nal printed M. G. Cheney’s subsurface map of the Bend arch (7), and 
in 1918 Liddle’s study of the “Marathon fold” appeared (8). These 
early subsurface interpretations, which were based on relatively few scat- 
tered wells, are shown in figure 1. On this same map are shown the 
general distribution of surface formations, Hill’s Balcones and Red River 
fault zones (1), Gould’s map of the Panhandle (3), Hoots’ Permian salt 
basin (12), and the oil and gas pools known in 1918. Although the map 
by Hoots was prepared subsequent to 1918, nevertheless it antedated ex- 
tensive drilling, and for this reason it is included in figure 1. 

Figure 2 represents our present interpretation of the broader aspects 
of the subsurface structure of the southern Mid-Continent. Compare 
this with figure 1. The increase in our knowledge of underground geol- 
ogy, all accomplished in 13 years, is surely astounding. Structural fea- 
tures hardly suspected from surface observations have been studied and 
mapped. Such, for example, are the buried mountains of the Panhandle; 
the great folds and coral reefs of the south Permian basin; the buried 
southwestward extension of the highly complex Ouachita massif and its 
flanking old-land mass of Llanoria on the southeast and south,’ the 
Mexia fault zone with its scores and probably hundreds of faults, all no 
doubt effects of the tremendous down-warping of the Gulf coastal em- 
bayment; and, the structural underlap relations of the Lower Cretaceous 
subdivisions beneath the Upper Cretaceous in northern Louisiana and 
southern Arkansas. Some of these major structural phenomena are 
pictured in cross-section in figure 3, which is drawn from the Guadalupe 
Mountains in west Texas, through a series of 68 wells, to southeastern 
Arkansas. Figure 4 represents Miser’s interpretation of the Ouachita 


See Bibliography, 15, 17, 22, 28, 30, 31. 
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FIGURE 1.—Map of the southern Mid-Continent Area 

Showing oil and gas pools known in 1918, surface geology, and 
early interpretations of subsurface geology. Oil pools, black; gas 
pools, obliquely ruled or marked by a cross. 

A, B, Two of the domes mapped by C. N. Gould. United States 
Geological Survey Water Supply Paper Number 191. 1907. 

C-D, Axis of west Texas basin contoured on top of salt (after 
H. W. Hoots). United States Geological Survey Bulletin 780, 
1925, plate 17. 

Solitario uplift. 

F, Marathon uplift and Glass Mountains. 

G-H, Axis of “Marathon fold” (after R. A. Liddle). University 
of Texas Bulletin 1847, 1918, plate 1. 
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I-J, Red River uplift. 

K-L, Axis of M. G. Cheney’s Bend arch, contoured on top Marble Falls Island. Oil Trade Journal, 
May, 1918. 

M, Central Mineral region. 

N-O, R. T. Hill’s Balcones fault zone. 

P-Q, R. T. Hill’s hypothetical northward extension of Balcones fault zone. Eighteenth and Twen- 
ty-first Annual Reports, United States Geological Survey. 

R-S, R. T. Hill’s Red River fault zone. United States Geological Survey, Twenty-first Annual 
Report, part 7. 

T-U, Sabine uplift (after G. D. Harris). United States Geological Survey Bulletin Number 429, 
1910. 

V, Monroe uplift (gas field). 
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Ficcure 2.—Map of the southern Mid-Continent Area 


Showing recent interpretations of subsurface geology. 
4-B, Panhandle uplift. Contoured on top of Wichita ‘‘Big Lime.’”” By A. M. 
Wichita age. 
Wichita Mountains. 
a basin. (Called Big Bend syncline by C. L. Baker, of University of 
‘Te Bulletin 2745, 1927, page 44.) Although the contours are carried out 
from the Delaware Mountain basin (E), they are very indefinite and are drawn 
merely to suggest this basin structure. 
B, Delaware Mountain basin (see note to L). 
F-G, Central basin platform, with depression, along axis (see note to L). 
H-I, Fort Stockton-Yates anticline (see note to L). 
J, Glass Mountains. 
K, Marathon uplift. 
L, Main a Permian basin. Note: Area including D. E, F-G, H-I, L, 
on top of “‘Big Lime’ (Blaine) (base of anhydrite) and top of Dela- 
ware Mountain meshes (contoured by R. E. Rettger). 
M-N, Electra arch (contoured on top of pre-Mississippian) . 
N-O, Muenster arch (contoured on top of pre-Mississippian). 
RQ, Axis of Bend Arch (contoured on pre-Mississippian). M. G. Cheney, 
| ity of Texas Bulletin eo 1929, part 
| R, Central Mineral region (area of pre-Pennsylvanian). 
| &P, Cheney’s “Steep dip zone of Ouachita overthrusting” (op. cit). 
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UV, Balcones fault zone (after R. T. Hill). (United States Geological Survey, Eighteenth Annual Report, part 2, and Twenty- 
first Annual Report, part 7.) 

WXYZ, Mexia fault zone. 

AA, Arbuckle Mountains. 

BB-CC, Ouachita overthrusts (after State Geological Map of Oklahoma, published by United States Geological Survey, 1926; 
and State Geological Map of Arkansas, prepared by the Arkansas Geological Survey and published in 1929). 

DD, Tyler trough, contoured on top of Woodbine formation. 

EH-FF, Jacksonville fault zone. 

GG-HH, East edge of Woodbine formation. 

II, Sabine uplift 

a, yg ge Contoured on top of Nacatoch after W. C. Spooner, with extensions by A. M. Lloyd. 

LL, Floyd structure 
| MM-NN, Northeast edge of Trinity formati n. 


0O, East Arkansas trough. 
SS-TT, Line of section. Numbers refer to wells (see figure 3). 
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1g line SS-TT, shown in figure 2. The western part, to well 15, is after Lon D. Cartwright, Bulletin 
en somewhat modified, after M. G. Cheney, University of Texas Bulletin 2913, 1929 plate 3. 


ised in compiling this section are as follows: 


aid 1, Culberson County. 2. Humble Kloh 1-B, Reeves County. 3. Pinal Dome Means 1, Loving County. 
gy 1 (Numbers 4-9 in Winkler County). 10. Exploration Kloh 1. 11. Texas Connell 1. 12. Penn-Hum 
(14-16, Midland County). 17. McGuire Merchant 1. 18. Dunning Suggs 1 (17, 18, Reagan County). Jj 
23. Southwestern Cain 1. 24. Marland Llano School Lands 1 (21-24 Tom Green County). 25. Shumg 
). 29. Roth and Faurot Starr 1. 30. Composite log, Overall area. 31. Composite log, Coleman Junct 
‘oyle 1. 36. Texas Eastern Capps 3. 37. Pecan Bayou Matlock 1 (33-37 Brown County). 38. Foster T 
Coryell County). 42. St. Louis Stuart 1. 43. Waco Oil and Ref. Harrington 1. 44. Farmers and Mech 
_ Smith Steubenrauch. 49. East side well, Mexia field (46-49, Limestone County). 50. Transcontinental 
son County). 53. Joiner Clark 1. 54. Chapman Alexander 1 (53, 54, Smith County). 55. Byrd Elder1 
. Dixie Dillon 92. 60. Palmer Sellington 1 (57-60, Caddo Parish). 61. Triangle Buckley 1 (Bossier Pa 
34, Claiborne Parish). 65. Texas Fuller 1. 66. Texas Taylor 1 (65, 66, Union Parish). 67. Texas Mi 
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Bulletin of the American Association of Petroleum Geologists, volume 14, 1930, plate 3, page 


ounty. 4. Skelly Leaman 1. 5. Humble Hendrick 1-A. 6. Pure Hendrick 1-A. 7. Humble V 
-enn-Humble Kloh 1. 13. Simms Edwards 1 (10-13 in Ector County). 14. Shoup Park 1. 
unty). 19. Wrightsman Hull 1. 20. Elkhorn Richardson 1 (19, 20 Sterling County). 21. ] 
5. Shumaker Westbrook 1 (Coke County). 26. Marland Russell 1. 27. Watchorn King 1. 
n Junction area. 32. Composite log, Santa Anna area (29-32, Coleman County). 33. Empire 
Foster Tyson 1 (Mills County). 39. Prod. and Ref. Rhea 1. 40. Robinson Hodo 1 (39, 40, Ha 
nd Mechanics Gin. 45. Byrd Duncan 1 (42-45, McLennan County). 46. New Domain Kirk-1 
ntinental Rice 1 (Van Zandt County). 51. Sunray Davis 1. 51a. Cranfill and Reynolds Star! 
Elder 1 (Gregg County). 56. Shellrock Dougherty 1 (Harrison County). 57. Texas Feder 
ossier Parish). 62. Magnolia McCook and Hibble 1 (Webster Parish). 63. Louisiana Oil R 
Texas Meyers 1 (Morehouse Parish). 68. Texas Keiffer 1 (Ashley County, Arkansas). 
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7. Humble Walton 1-B. 8. Bolin Brown 1. 
up Park 1. 15. Atlantic Kloh 1. 16. Zim- 
unty). 21. Penn Turner 1. 22. San Diego 
orn King 1. 28. Marland Herring 1 (26-28 

33. Empire Fuller 1. 34. Hart Boysen 1. 

1 (39, 40, Hamilton County). 41. Keystone- 
Jomain Kirk-Teagle 1. 47. Type log, Nigger 
Reynolds Starr 1. 52. Chapman Cade 3 (51. 
. Texas Federal Jeems Bayou 1. 58. Dixie 
uisiana Oil Refining Langston 10. 64. Dixie 
ansas). 
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FiguRE 4.—Sections across the Zone of Overthrusti 


Figure A represents the Arkansas region, and B and C represent the Texas 
King, University of Texas Bulletin 3038, 1930, by reversing the sections end fo 

In figure A, Da=Arkansas novaculite of Devonian age; Cj—Jackfork sand: 
iferous age; h—Hess (Permian) ; K=-Comanche (Lower Cretaceous). 
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H. D. Miser, Oklahoma Geological Survey, Bulletin 50, 1929, plate 3. Figures B 
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UF Ficure 5.—Map of the southern Mid-Continent Area 


Showing the oil and gas fields in 1931. In each district, as outlined, the principal pro- 
duction comes from formations of the system named. In the area of Upper Cretaceous 
production, an inverted V means that some Lower Cretaceous production is also obtained. 
In the area of Pennsylvania production some oil has been obtained in one or more wells 


} A} in the counties designated by a small circle in the southwest corner. Oil pools are black. 
v | Gas pools are lined obliquely or are marked by a cross. 
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Ficure 3.—Vertical Cross-section from the Guadalupe Mountains 0} 


Drawn along line SS-TT, shown in figure 2. The western part, to well 15, is after Lon D. Cartwright, B 
22 to 43 has been somewhat "modified, after M. G. Cheney, University of Texas Bulletin 2913, 1929 plate 3. 


The wells used in compiling this section are as follows: 


1. Pure Quaid 1, Culberson County. 2. Humble Kloh 1-B, Reeves County. 3. Pinal Dome Means 1, Loving Cot 
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Mountains of western Texas and southeastern New Mezico to southeastern Arkansas 


= Bulletin of the American Association of Petroleum Geologists, volume 14, 1930, plate 3, page 971. The part including wells 
plate 3. 


|, Loving County. 4. Skelly Leaman 1. 5. Humble Hendrick 1-A. 6. Pure Hendrick 1-A. 7. Humble Walton 1-B. 8. Bolin Brown 1. 
11. 12. Penn-Humble Kloh 1. 13. Simms Edwards 1 (10-13 in Ector County). 14. Shoup Park 1. 15. Atlantic Kloh 1. 16. Zim- 
Reagan County). 19. Wrightsman Hull 1. 20. Elkhorn Richardson 1 (19, 20 Sterling County). 21. Penn Turner 1. 22. San Diego 
ounty). 25. Shumaker Westbrook 1 (Coke County). 26. Marland Russell 1. 27. Watchorn King 1. 28. Marland Herring 1 (26-28 
og, Coleman Junction area. 32. Composite log, Santa Anna area (29-32, Coleman County). 33. Empire Fuller 1. 34. Hart Boysen 1. 
ity). 38. Foster Tyson 1 (Mills County). 39. Prod. and Ref. Rhea 1. 40. Robinson Hodo 1 (39, 40, Hamilton County). 41. Keystone- 
Farmers and Mechanics Gin. 45. Byrd Duncan 1 (42-45, McLennan County). 46. New Domain Kirk-Teagle 1. 47. Type log, Nigger 
0. Transcontinental Rice 1 (Van Zandt County). 51. Sunray Davis 1. 51a. Cranfill and Reynolds Starr 1. 52. Chapman Cade 3 (51. 

55. Byrd Elder1 (Gregg County). 56. Shellrock Dougherty 1 (Harrison County). 57. Texas Federal Jeems Bayou 1. 58. Dixie 
ckley 1 (Bossier Parish). 62. Magnolia McCook and Hibble 1 (Webster Parish). 63. Louisiana Oil Refining Langston 10. 64. Dixie 
sh). 67. Texas Meyers 1 (Morehouse Parish). 68. Texas Keiffer 1 (Ashley County, Arkansas). 
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Figure 4.—Sections across the Zone of Overthrusting in the Ouachita Mountains of sor 


an Figure A represents the Arkansas region, and B and C represent the Texas area. Figure A has been modified fr 
a King, University of Texas Bulletin 3038, 1930, by reversing the sections end for end and combining II on plate 9 wi 
In figure A, Da—Arkansas novaculite of Devonian age; Cj—Jackfork sandstone of Carboniferous age, and K= 

iferous age ; h—Hess (Permian) ; K=-Comanche (Lower Cretaceous). 
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ntainge of southeastern Arkansas, and the Marathon-Glass Mountains Region of Brewster County, Teras 


1 modified from H. D. Miser, Oklahoma Geological Survey, Bulletin 50, 1929, plate 3. Figures B and C have been modified from P. B. 
mn plate 9 with VII on plate 18, and III on plate 9 with XI on plate 13. 
ze, and K=—Cretaceous. In figures B and C, O=—Marathon (Ordovician) ; t—Tesnus; d—Dimple, and hm=Haymond, all of Carbon- 
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x 
Showing the oil and gas fields in 1931. In each district, as outlined, the principal pro- 


duction comes from formations of the system named. In the area of Upper Cretaceous 
production, an inverted V means that some Lower Cretaceous production is also obtained. 
In the area of Pennsylvania production some oil has been obtained in one of more wells 
in the counties designated by a small circle in the southwest corner. Oil pools are black. 
Gas pools are lined obliquely or are marked by a cross. a 
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overthrusts (17) and King’s interpretation of geologic structure in the 
Marathon Uplift and the Glass Mountains of Brewster County, Texas 
(22). 

In figure 5 are charted the oil and gas pools of the southern Mid-Con- 
tinent in 1931. There are also indicated in the geologic systems from 
which most of the petroleum has been produced. Where oil has been 
obtained from other rock systems, this is noted by appropriate symbols 
(see legend of figure). Figure 5, if compared with figure 1, shows that 
approximately 600 pools of oil or of gas were discovered between 1918 
and 1931. : 


Table 1.4 


Wells drilled from 1911 to |} Wells drilled from 1918 to 
1917, inclusive 1929, inclusive> 


Oil | Gas| Dry | Total|! oi | Gas | Dry | Total 


Northern Louisiana. . .|2,118 | 343 | 636 |3,097 || 4,630 |1,559 | 2,235 | 8,424 


6,028 | 488 | 1,536 | 8,052 
Northern and Central 
2,997 | 136 |1,226 | 4,359/|36,834 |2,700 |19,211 |58,745 
New Mexico......... Bi ocd 1 + 371 30 277 678 
re 5,118 | 479 |1,863 |7,460 ||47,863 |4,777 |23,259 |75,899 
25 per cent dry 30.5 per cent dry 
75 per cent producers 6914 per cent producers 


In the search for these pools thousands of holes have been drilled. 
Thousands more have been completed within the borders of the pools. 
Table 1 summarizes the statistics on these holes. 

From 1918 to 1929, inclusive, nearly 76,000 wells were drilled in the 
southern Mid-Continent area, exclusive of the Gulf coast. Since 1929 
several thousand more have been completed. On the assumption that the 
average depth of these holes is 2,000 feet, this means that some 28,000 
miles of holes have been drilled in the period from 1918 to 1929, or prob- 


4Based on data published annually by the United States Geolegical Survey in the 
pamphlet entitled “Petroleum.” 
5 Data for 1930 and 1931 not received. 


LXII—BULL. GEoL. Soc. AM., VoL. 48, 1932 
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ably 30,000 miles in the last 14 years, up to and including 1931. To the 
data obtained from these wells we owe the progress in our understanding 
of regional subsurface geology. 


2000' [s 
3 SEA LEVEL 

(After W.C Thompson &W.E.Hubberd ) 


Ficure 6.—Structure Map and Section of Parts of Archer and Young counties, Texas 


Contours represent subsea depths on top of the Texhoma-Gose pay sand, in the Cisco 
formation. The section is drawn along line AB. Black represents oil sands. In the 
map the pools are as follows: C, Carey; D, Ragle; E, Mercer. (After W. C. Thompson 
and W. E. Hubbard. Structure of typical American oil fields, volume 1, plate 1 (page 
430), and figure 6 (page 433), published by the American Association of Petroleum 


Geologists, 1929.) 
With information from wells within the pools we have been able to 
learn much concerning the nature of local structures and the relations 
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of petroleum to these structures. Production has been found associated 
with ten distinct types of structure. These are: 

1. Anticlinal noses plunging down the regional dip, with associated 
reservoir beds lensing up-dip, as in many parts of the Bend arch (figure 


6) (20). 


SS 


ERA“ 


Yr) 


AY 
SS 


ZAPATA | WEBB 


| SMILES 
After O0.L.Brace 


Figure 7.—Structure Map of Part of the Laredo producing Dis- 
trict, Webb, Dural, Zapata, and Jim Hogg counties, Texas 


Contours represent depths below sealevel, drawn on a zone in 
the lower Fayette. The pools are cross-ruled : A, Carolina-Texas ; 
B. Mirando City, Schott, Wolcott, Los Ojuelos, and Aviator pools 
combined; C, Andrews pool; D, Mirando pool; E, Henne-Winch- 
Fariss pool: F, Yeager-Strohman pool; G and H, Cole-Bruni 
pool; I, Kohler pool. (After O. L. Brace, Bulletin of the 
American Association of Petroleum Geologists, volume 15, 1931, 


figure 2, page 768.) 
2. Sand lenses elongated along the regional strike, possibly represent- 
ing buried reefs, as in the Laredo district, Texas (figure 7) (25). 
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3. Reservoir beds with homoclinal dip, truncated unconformably and 
overlain by impervious capping strata, as in the new East Texas field 
(figure 8) (32) and in the Richland field, Louisiana (26). 
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HORIZONTAL SCALE IN FEET (After 2V Hennen& 2) Metceif) 


SEA LEVEL. 


Ficure 9.—Structure Map and Section of the Yates Field, Pecos County, Teras 

Contours are above sealevel, being drawn on top of the “Big Lake Lime,”’ which is 
part of the Big Lime of the West Texas basin. Numbers in the section refer to wells, 
as follows: 1, Transcontinental and Arkansas Fuel Perry 1; 2, California Company 
Smith 1; 8. Red Bank Smith 5; 4, California Company Smith Lse. 1-1; 5, Mid-Kansas- 
Transcontinental Smith-Taylor 18; 6, Mid-Kansas-Transcontinental Yates Al; 7, Mid- 
Kansas-Transcontinental Yates D6; 8, Gulf and Pure Thompson 1A. (After Ray V. 
Hennen and R. J. Metcalf. Bulletin of the American Association of Petroleum Geolo- 
gists, volume 13, 1929, figures 4 and 7, pages 1518 and 1,526.) 


4. Porous reservoir beds immediately and unconformably overlying 
older strata, as in the Urania (19), Dixie (24), and Richland (26) pools 
in Louisiana. 
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Vicgure 8.—Structure Map and vertical Section of East Texas Oil Field, Gregg and Rusk 
Counties, Texas 


Contours are subsea, on top of Woodbine pay formation. AB, line of section. The 
numbers in the section refer to wells used in correlation, as follows: 1, Burnham Beck 
1; 2, Meridian Lee 1; 3, Vacuum Goolsby 1; 4, Selby Ingram; 5, Cranfill and Reynolds, 
Rembert 1; 6, Ray Drilling Company Smith 1. Solid black in the section represents Lower 
Cretaceous where penetrated in drilling. (After F. H. Lahee. Transactions of the Ameri- 
tan Institution of Mining and Meteorological Engineers, Petroleum Development and 
Technology, 1932, figure 1, page 280.) 
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handle (10). 


959 
5. Porous reservoir beds lensing out updip against unconformably 
underlying rocks, as in some producing horizons in the Texas Pan- 
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FicureE 10.—Structure Map and vertical Section of the Lytton Springs Field, Cald- 
well County, Teras 
In the section solid black represents oil. 
R. Rettger. 


16, 1926, plates 31 and 32 and figure 3, pages 958 and 959). 


(Modified from D. M. Collingwood and 
Bulletin of the American Association of Petroleum Geologists, volume 


6. Closed anticlines, probably overlying buried hills, as at Hobbs, New 
Mexico, and Yates (figure 9) and Big Lake, Texas. 
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scorer 


Figure 11. — Struc- 
ture Map of the 
Powell Field, Na- 
varro County, Teras 


7. Closed anticlines associated with volcanic plugs 
or voleanic materials, as at Lytton Springs, Texas 
(figure 10) (11). 

8. Closed anticlines on salt plugs, as at Clay 
Creek, Washington County, Texas (27). 

9. Fault structure associated with a salt ridge, 
as at Boggy Creek, Anderson and Cherokee coun- 
ties, Texas. 

10. Fault structures of the Mexia type, with 
downthrow on the regional updip side, as at Powell 
(figure 11) (13), Luling (14), Mexia (16), and 
Salt Flat (23), all in Texas. 


IMPROVEMENT IN METHODS OF RESEARCH 


Not only has petroleum geology contributed a vast 
store of information on subsurface geology, but also 
it has provided the incentive and the means for 
carrying on and improving methods of technical re- 
search that had previously been but little developed 


’ in this country. The usefulness of micropaleon- 


tology, introduced into Texas in 1919 at the Uni- 
versity of Texas by J. A. Udden as an aid in strati- 
graphic correlation, and later expanded through 
the work of J. A. Cushman and J. J. Galloway and 
their students, has developed into an indispensable 
branch of modern geology. 

In the effort to obtain, from drilling wells, rock 
samples better than the cuttings bailed up or washed 
up with the drilling mud, tools have been devised 
for coring a hole from top to bottom, and instru- 
ments have been perfected for ascertaining the origi- 
nal true position of the cores before they were cut 
and withdrawn from the hole, and also for deter- 
mining the original attitude of the bedding in such 
cores, even at depths of several thousand feet. 

Through the facilities afforded by drilled holes 
many measurements have been made of earth tem- 
peratures, and a better understanding has been given 
of geothermal gradients in areas of sedimentary 
rocks. 

To petroleum geology we owe the evolution of 
present planetable methods of mapping, but of more 
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recent application has been local and regional mapping by airplane 
photography. 

Finally, the search for petroleum has brought about the introduction 
and development of four methods of geophysical exploration, namely, the 
electrical, magnetometric, gravimetric, and seismic methods. 


DIFFUSION OF INFORMATION 


When the American Association of Petroleum Geologists came into 
existence, in the years 1915 to 1917, competition between oil companies 
was very intense, and all information was jealously guarded. The folly 
of this policy of extreme secrecy gradually became evident. Geologists 
began to discuss their problems in a manner mutually beneficial—not the 
details which were of immediate financial concern to their employers, but 
the more general questions of regional stratigraphy and structure, of 
paleogeography and tectonics. Open discussions were sponsored by local 
societies and especially by the American Association of Petroleum Geolo- 
gists, which, from its beginning, has stood for fair and legitimate ex- 
change of ideas, whether spoken or printed. Writing for publication by 
its members has been actively encouraged and, it is believed, with real 
success and valuable results. 


CONCLUSION 


Petroleum geology has been led by trained geologists, men with vision, 
who have appreciated the importance of experimental and theoretical 
geology as the foundation for the more restricted technical methods about 
which we have been speaking. Micropaleontology, core drilling, geo- 
physics, and airplane mapping, were widely introduced only after per- 
sistent striving to win executive conviction as to the merits of their prac- 
tical application. However, we are glad to recognize the fact that once 
these merits had been demonstrated, the petroleum industry provided 
facilities for this geological progress which has been so extraordinary 
during the last 12 or 15 years. 

Within the vast general laboratory afforded by this industry, great 
masses of data have been accumulated, and more will be collected wher- 
ever holes are drilled. Herein lies an opportunity for analytical and 
comparative study. -There are still many problems before us awaiting 
solution, problems of pure geology, the data for which are available in 
well records and well samples. Confidently we shall look forward, dur- 
ing the coming years, to further contributions from petroleum geology 
to our understanding of earth history and earth structure. 
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Although the general distribution of the igneous rocks of southeastern 
Missouri has been known since the publication of Schooleraft’s report, 
“Lead Mines of Missouri,” in 1819, they were first studied and mapped 
in detail by Erasmus Haworth about 70 years later. In one of his papers, 


* Manuscript received by the Secretary of the Society December 31, 1931. 
(965) 
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published in 1888,’ he states that “a comparative study of the porphyries 
and granites of this district reveals the fact that there is no sharp divis:on 
line between the two, at least, so far as can be judged from the hand 
specimens.” He further raised the question as to whether these rocks in 
Missouri illustrated “the gradual transition from a holocrystalline, coarse- 
grained rock through the fine-grained ones to those which originally were 
vitrophyres.” He concluded, tentatively at that time, that such a grada- 
tion existed. 

Haworth’s next contribution was a paper? in which he presented the 
arguments in favor of an Archean age and an igneous origin for these 
crystalline rocks. The Missouri State Report on the Iron Mountain 
Quadrangle was published in January, 1894, in which Haworth briefly 
discussed (pp. 15-27) the igneous rocks of the quadrangle. He concluded 
(pp. 24-25) that the granites and porphyries are gradational in their 
relationship, and that they have different textures in different parts of 
the same magma because of different conditions during solidification. 
He says: “There are literally hundreds of places where the phenomenon * 
can be observed, with only here and there one in the whole Missouri 
Archean which bears evidence of the granite having been forced up 
through the porphyry.” He cites various localities where gradation is 
found. 

The final summary of Haworth’s work, which extended over several 
years and, in considerable part, at least, was done independently, appeared 
in 1895.4 Since then, no important contributions to the igneous history 
of the State have been made; only a few brief notes have appeared in 
miscellaneous reports, most of which have incorporated material from 
Haworth’s work on the crystalline rocks. 

Although the entire trend of Haworth’s thought in his last paper is 
in favor of a gradational relationship between these two groups of rocks 
and he devotes considerable space in all to proving it, he cites one Iccality. 
2 miles south of Cornwall in Madison County, in which he thinks the 
granite is intrusive. Also, he suggests, but does not state positively, that 
three small granite outcrops on Black River in Reynolds County might 
“represent independent eruptions which took place after the surround- 


1 Erasmus Haworth: A contribution to the Archean geology of Missouri, University 
Press, State University of Minnesota, 1888, pp. 1-40. See also: Am. Geol., vol. 1, 1888, 
pp. 280-297, 363-382; Johns Hopkins Univ. Cire., vol. 7, 1888, pp. 70-71. 

2 Erasmus Haworth: The age and origin of the crystalline rocks of Missouri. Mis- 
souri Geol. Survey Bull. no. 5, 1891, pp. 5-42. 

*T.e., gradation. 

4 Erasmus Haworth: Crystalline rocks of Missouri. Missouri Geol. Survey, vol. 8, 
1895, pp. 81-224, pls. 1-30, with map of the area. 
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ing masses ® were formed,” ® a conclusion in which Dake’ concurs. On 
pages 209-219 of his paper, he goes into detail as to localities where grada- 
tion may be seen. To make Haworth’s interpretation of the relationship 
clear the following quotations are needed : 


“Early in the course of field work, it was decided to advance as a working 
hypothesis the idea that the granites and the porphyries belong practically to 
the same general period of eruption, and that in many cases, from a particular 
magma a granite was produced in one portion and a porphyry in another’ It 
was not thought that this was true in every case of contact between the two 
rocks, but that it probably was in a majority of cases.- Since it was produced 
the hypothesis has been strengthened by many observations, and it is now 
offered as the most probable explanation for the intimate relations of the two 
kinds of rocks.” 


On page 218 of the same report, after stating that some granites may 
be intrusive, as indicated above, the following statement occurs: 


“It is not to be understood that all the granites in the big area were brought 
to the surface at once; but rather that the granites and the porphyries were 
formed simultaneously and came from the same general magma, and conse- 
quently are of the same geological age. Jt is therefore useless to attempt to 
decide which is the older, the granite or the porphyry.” This view is placed in 
contrast with the one that the two types of rocks are of two different periods, 
and possibly of different origins.” 


In the next quotation, however, which represents the closing sentences 
of the paragraph quoted above, Haworth recognizes that there were prob- 
ably different eruptions of both porphyries and granites which, if true 
could mean only that certain of the igneous rocks are younger than others 
and thus that they are of different ages. 

“From statements already made, it will be seen that there are good reasons 
for believing that many of the prominent porphyry hills are the result of dif- 
ferent individual outbursts. In a similar way, different granite areas may also 
have resulted from a number of different eruptions.” 


There can be no doubt after reading Haworth’s account of the occur- 
rence of these igneous rocks that he fully believed their relationship 
throughout the area to be dominantly gradational, yet there is also the 


5 I. e., the porphyries. 

® Idem, p. 180. 

7C. L. Dake: Potosi and Edgehill Quadrangles, Missouri Bur. Geol. and Mines, vol. 
23, series II, 1930, p. 38. 

8 Italics are the present writer's. 

® Erasmus Haworth: Crystalline rocks of Missouri. Missouri Geol. Survey, vol. 8, 
1895, p. 209. 

1° The italics are the present writer's. 
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evident attempt to leave open the possibility of another explanation while 
maintaining his gradational hypothesis. 

It seems probable that Haworth’s use of textural terms as general rock 
names has led to some confusion on his part. For example, many of his 
“eranite porphyries,” such as the one found at the Graniteville quarries, 
would undoubtedly be called porphyritic granites at the present time. 
Others in which the groundmass, although crystalline and composed of 
feldspar and quartz, is fine grained would really be granite porphyries. 
It is entirely possible for a granite to be porphyritic and not be a granite 
porphyry. Likewise, some of the true granite porphyries of southeast- 
ern Missouri resemble, megascopically, at least, some of the rhyolite 
porphyries that comprise essentially all the so-called “porphyries” of the 
area. Some confusion may have arisen from this fact in naming these 
rocks are the rhyolite porphyries (sometimes referred to simply as “por- 
phyries” or “the porphyry”) and the granites. 

The writer, many years ago, after seeing the two groups of rocks, felt 
that the gradation of the granites (especially the coarse-grained granites ) 
into the porphyries, which showed all the characteristics of eruptive rocks, 
was improbable, and hence sought for evidence bearing on the problem. 
In 1919 positive evidence of the intrusive character of the granite was 
found on Knoblick Mountain and supplementary evidence elsewhere. In 
1929 careful search at the contact of the two rocks in several localities 
furnished more positive proof, and detailed work during the past year has 
furnished confirmatory evidence at widely scattered points throughout 
the whole district in which igneous rocks occur. This paper presents this 
evidence and proves that the granites of southeastern Missouri are intru- 
sive into the eruptive porphyries and hence are younger. 


GENERAL GEOLOGY 


Only a brief statement of the geology of the area and the distribution 
of the rocks will be given. The igneous rocks involved are all older than 
the Cambrian sediments, although basic igneous rocks cutting the Cam- 
brian beds occur in an adjacent county. The two major groups of igneous 
rocks are the rhyolite porphyries (sometimes referred to simply as “por- 
phyries” or “the porphyry”) and the granites. 

The porphyries consist of a great series of rhyolitic lavas that un- 
doubtedly poured out upon the surface (pre-Cambrian), as they usually 
show flow structures, breccias, and spherulites, and, less frequently, are 
interbedded with tuffs. The extreme commonness of flow lines can leave 
no doubt of the eruptive character of these rocks. An almost universal 
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feature is the presence of phenocrysts, usually of both quartz and feldspar 
(orthoclase) but also of either alone. Nonporphyritic rhyolites do occur 
and they may be closely associated with the porphyritic varieties. The 
position of the flow lines of these rocks varies throughout the district, and 
they may be due to variations in the surface, to the intrusion of the 
granites, or to diastrophic changes. 


Figure 1.—Secondary Enlargement of the Phenocrysts in a Rhyolite Porphyry 
Specimen obtained at Buckner Mountain, 2 miles west of Fredericktown, Missouri. Note 
inclusion of other materials. X 27. 


There is no evidence of separate flows as far as the writer could deter- 
mine, save where tuff beds or brecciated zones occur. Very probably, 
the entire series represents a rapid outpouring of a great quantity of 
rhyolitic lava, but detailed mapping may reveal more evidence bearing 
upon this question. The point is not pertinent, however, to the problem 
of the relationship of the porphyries to the granite, as there is little doubt 
but that they all belong to a closely timed series of eruptions, if not to one 


single outpouring. 
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The great variety of textures of the porphyries offers a fertile field 
for detailed petrographic studies. The groundmass of the porphyries is 
typically aphanitic. In some of them, the groundmass is microcrystalline 
and microgranitic; in others it is ecryptocrystalline. There are grada- 
tions between the two kinds. Some of the eryptocrystalline varieties are 
undoubtedly devitrified glasses, as they exhibit the palimpsest structures 
of the original glasses. 

One of the outstanding features of some of the porphyries is the 


Figure 2.—Micrographic Texture developed by Recrystallization of the Porphyry 


Specimen obtained 3 feet from the contact with the granite, at the Cornwall, Missouri 
quarry. Td. 


secondary growth of the feldspar and quartz, These have grown during 
the last stage of cooling and have incorporated the smaller grains adjacent 


to them (figure 1). 
Another feature of much interest is the development, at the contact of 


the porphyries and granite, of micrographic textures in the recrystallized 
porphyries (figures 2 and 3). 
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The granites are astonishingly similar throughout the area. However, 
during this study of their relationship to the porphyries sufficient evi- 
dence has been collected to prove that there is actually more than one 
granite in the region. 

The granites consist dominantly of feldspar and quartz, with a little 
mica which is mostly biotite. Most of them are some shade of red, but 
there are local variations where the biotite or hornblende or both are so 
abundant as to give the rock a gray color. These dark minerals are usually 


Figure 3.—Micrographic Terture 
This texture is due to recrystallization of the porphyry 
at the contact of the porphyry with the granite on 
Matthews Mountain, about 7 miles southwest of Fred- 
ericktown, Missouri. Xx T5. 


accompanied by a lighter colored feldspar. The granite that outcrops 
over a considerable area about halfway between Fredericktown and 
Knoblick Mountain is unusually rich in biotite. Most of the biotite in all 
the rocks has altered to chlorite. Biotite appears to be more abundant 
near the contacts of the granite with the porphyries. 

The feldspar is largely orthoclase and microcline, but the soda-rich 
plagioclase members are present in some local outcrops. Other minerals 
occurring in minor amounts are magnetite, specularite, fluorite, epidote, 
and apatite. Graphic granite is well developed in a few localities. 
Miarolitic cavities containing fluorite and mica in addition to quartz and 
feldspar are common near some contacts, as those at Stono Mountain, 
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near Doe Run, on Matthews Mountain, and all along the contact from 
Stono Mountain southeast to Silver Mine. 

A feature of much interest in the granites of the entire district is the 
presence of two generations of quartz. Some granites (as those north, 
east, and south of Stono Mountain and those to the southeast as far as 
Silver Mine) show the first generation as “quartzoids,” usually doubly 
terminated with rhombohedral faces or, more correctly, trapezohedrons, 
since they probably developed about 575° C. and hence were originally 
B-quartz which crystallizes in the trapezohedral class. On weathering, 
this first generation of quartz stands out prominently on the surface of 
the granites, though in the coarse-grained varieties it does not show so 
plainly, of course. Many of the granites contain also two generations of 
feldspar. For example, the large phenocrysts in the granite at the 
Graniteville quarries represent a first generation of feldspar. 

The texture of the granites ranges from the very coarse-grained (size 
of grains well over 5 mm.) varieties at Graniteville, Cornwall, and Cold- 
water down to those varieties having grains about 1 millimeter in diam- 
eter, but most of the granites are medium-grained. Some aplitic phases 
are fine-grained. Porphyritic phases of the granite and granite porphy- 
ries are fairly common. The coarse-grained granites at Graniteville and 
at the old Pilot Knob quarry, a mile south of Graniteville, contain pheno- 
erysts of orthoclase as much as 2 inches long. Such a coarse-grained 
rock should be called a “porphyritic granite,” not a “granite porphyry” 
as Haworth calls it. The rock on the south side of Mount Devon, which 
is mapped as granite by Haworth, is a good example of a granite porphyry. 
Some of the rhyolite porphyries are almost coarse enough to be called 
granite porphyries, but their other features indicate that they belong 
with the rhyolites, the textures of which, as already indicated, cover a wide 
range of grain size. 

Basic dikes are surprisingly abundant throughout the area. They 
occur cutting both granites and porphyries and hence are younger than 
both. Aplite dikes in the granite are fairly common. 

The field evidence thus far gathered indicates that a number of dif- 
ferent granite intrusions occurred, although further laboratory studies 
may show that two apparently different types of granite are actually 
merely two phases of one intrusion. Thus, it may very well be that the 
blue-gray biotite-hornblende granite found on the northeast side of Knob- 
lick Mountain is a segregated phase of the grayish-red granite to the west 
on the same hill. The heavy mantle rock in the locality, as in other 
places throughout the district, prevents the contact of the two rocks being 
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seen. A reddish-gray granite, occurring locally along the south side of 
Evans Mountain just east of the St. Francis River, may be either a 
biotite (chlorite)-rich phase of the larger mass of granite of that locality, 


Figure 4.—Map showing the Distribution of the Granite (dark gray) and Porphyry 
(light gray) in southeastern Missouri 
Arrows indicate localities where sharp contacts of the two rocks may be seen. Photo- 
stat copy of Haworth’s map in Missouri Geol. Survey, vol. 8, 1895. 


or a separate intrusion. The fine-grained, dark, biotite-rich granite 
covering several square miles to the northwest of Fredericktown is so 
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uniform throughout the area where it has been studied and so different 
from the other granites of the district that it can scarcely be doubted that 
it represents a separate intrusion. 

The chemical composition of the rhyolites and granites is so strikingly 
similar that one does not wonder that Haworth sought to prove the two 
rocks to be merely different phases of the same rock mass. The silica 


per cent in the porphyries. There is also a similar agreement in the 
amounts of the other constituents. Insufficient analyses are available, 
however, for a detailed discussion of the composition. Both rocks are 
quartz-rich, and both show phenocrysts of feldspar, usually orthoclase. 
All these facts indicate that both rocks were derived from a deep-lying 
silica-rich magma. Hand in hand with these facts goes the further fact 
that several of the basic dikes are extraordinarily rich in quartz; some 
of them commonly containing grains of quartz 2 inches across. 


DISTRIBUTION OF GRANITES AND PORPHYRIES 


The distribution of the granite and the porphyry as mapped by Haworth 
is shown in figure 4. The writer’s studies call for a revision of this map, 
which will be undertaken as soon as further studies are completed. The 
black area in the north-central part of the map, beginning about 2 miles 
west of Fredericktown and extending northwest to Doe Run and Stono 
Mountain, represents the major granite area, which may well include 
several granites. The small black areas indicate other granite outcrops. 
The granites in the vicinity of Fredericktown resemble those of the larger 
area, whereas those of the outlying areas are the very coarse-grained 
granites. 

The distribution of these coarse-grained granites is significant and calls 
for further study. They seemingly occur chiefly around the central 
granite area. Examples of places where the coarse-grained granites are 
found are the Graniteville quarries, an area near Hogan, Coldwater, Corn- 
wall, and along Doe Run Creek north of Wachita Mountains. 


INTRUSIVE RELATIONSHIP OF THE GRANITE TO THE PoRPHYRY 
GENERAL STATEMENT 


The writer in his studies of the relationship of the granite and porphyry 
of southeastern Missouri (in Iron, St. Francois, Madison, and Wayne 
counties) encountered the same obstacle as did Haworth, that is, a wide- 
spread mantle rock that prevented access to many contacts at just the 
points where it was most desirable to find them. However, a diligent 
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and careful search in quarries and along innumerable streams that crossed 
contacts, as well as along the faces of bluffs and other steep slopes, re- 
sulted in the discovery of a sufficient number of sharp contacts to furnish 
the clews necessary to the interpretation of those places where the evi- 
dence was favorable but the contact inaccessible. The finding of a single 
contact made possible a determination of the textural differences of the 
rocks on each side, thereby permitting the location of the contact else- 
where with a considerable degree of accuracy. The initial studies were 


FiGure 5.—Contact of the Granite (below) and dense Rhyolite (above) in quarry 
on Knoblick Mountain 
The granite contains inclusions of rhyolite. Photograph by Tarr. 


made of contacts where the coarsest granites were adjacent to the porphy- 
ries, as in such places the contrast would be greatest and the gradation, 
if it occurred, could most readily be detected. The ease with which sharp 
contacts were found soon led to the study of the relationship, of the two 
rocks at any point where they were associated. 


LOCALITIES WHERE SHARP CONTACTS WERE FOUND 
General statement.—Brief descriptions of contacts in the following 


localities are given because these contacts are so clear cut and distinct 
and thus show so conclusively the intrusive character of the granite. 
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Knoblick Mountain.—The exposure on Knoblick Mountain that shows 
the contact so excellently occurs in a small quarry toward the top of the 
hill. Along the southwest side of the quarry is the face (6 to 8 ft. 
high) in which the intrusive relationship of the granite and rhyolite is so 
plainly shown (see figures 5 and 6). This contact strikes northwest- 


Ficure 6.—Contact of Rhyolite (top of picture) with 
Granite (below) 
Inclusions of rhyolite are seen as dark streaks in granite. 
Miarolitic cavity containing epidote to right of hammer. 
Quarry on Knoblick Mountain. Photograph by Tarr. 


southeast. Another exposure of the contact on Knoblick Mountain was 
found to the southeast of the quarry (see figure 7), but it became lost 
under the talus on the southeast side of the hill. 

The granite at the contact is medium-grained, porphyritic, and of a 
flesh-red color having a grayish tinge due to the biotite (chlorite) in the 
rock. A great deal of epidote and considerable fluorite occurs in the 
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granite. Micrographic texture is well developed in it (see figure 8). 
The rhyolite is very dense; only slightly porphyritic; shows flow lines; 
and ranges from red to black in color. Farther up the hill, the rhyolite 
is porphyritic with phenocrysts of feldspar and quartz. Float was found 
of material having the same phenocrysts as the granite at the contact but 
with a finer groundmass, which suggests that some of the granite was 
injected as a dike into the rhyolite of the upper part of the mountain, the 
consequent rapid cooling causing the formation of a granite porphyry. 


Figure 7.—Contact of Granite (below and to right of hammer) with Rhyolite 
(back and above hammer) 
The locality is on Knoblick Mountain. The contrast of the two textures is 
notable here. Photograph by Tarr. 


Some slight bleaching in the color of the rhyolite occurred along the 
contact. The line between the two rocks is sharp and irregular. Frag- 
ments of the rhyolite as long as 5 inches occur in the granite, largely 
within 2 or 3 feet of the contact; and stringers of the granite penetrate 
short distances into the rhyolite. The sharpness of the contact is well 
shown in figures 8 and 9, which are microphotographs of thin sections of 
the contact. 

Haworth has mapped the top of Knoblick Mountain as porphyry, show- 
ing the lower limit to be about 200 feet below the top of the knob. He 
also extends this limit down. the north side of the mountain to a point 
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about a quarter of a mile from the old village of Syenite where the large 
granite quarries are located. This limit he has located entirely too far 
down on the north and northeast sides. The actual contact plunges 
steeply down the southeast side and continues southeastward across the 
relatively flat country instead of curving around the south side as Haworth 


has it mapped. 


Figure 8.—Microphotograph of the Contact between the Granite and Porphyry in the 
Knoblick Quarry 

Note the micrographic texture in the granite, a common feature in the granite at other 
contacts. X 27. 


Haworth maps the granite as beginning just below the 1100-foot con- 
tour line on the south side of the mountain and as continuing several 
miles to the south. This is incorrect, as the rhyolite porphyry is con- 
tinuous from the top of the mountain down the south and southeast sides 
and across the valley (figure 10), and thence southward 3 miles ap- 
parently without a break. The eastern limit of this great porphyry 
block has not been determined, hence its width is unknown. 
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Before passing to the description of another contact, it should be noted 
that the granite forming Butler Hill (which is the westward continua- 
tion of Knoblick Mountain) is coarse-grained, and is similar to that 
at the old Abbot’s quarry, a mile and a half southwest, to the red granite 
in Milne and Gordon’s quarry at Syenite, and to the granite across the 
St. Francis River to the northwest. The contact of this coarse-grained 


Figure 9.—Microphotograph of the Contact between the Granite and the 
dense Rhyolite 
The locality is at another point in the Knoblick Mountain exposure. X 27. 


granite with the rhyolite porphyry on Knoblick could not be located 
exactly, but it was evident that the two rocks are in contact. 

About a mile to the southwest of Butler Hill, the rhyolite and granite 
again outcrop, and although in places the contact can be located within 
a few feet, the actual contact was not found. The medium- to coarse- 
grained granite continues to the southwest and is a part of the large area 
of granite. The rhyolite is a part of the large block that extends to the 
south of Knoblick Mountain. 
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Graniteville-—The rhyolite lies to the northeast of the granite outcrop 
at Graniteville. A very good contact can be seen on the upper side of 
two or three large, flat, bare granite outcrops which occur on the slope 
lying above and between the Sheahan and Schneider quarries. The line 
of contact can be followed easily all along the hill, but the actual contact 
can be seen only at these bare outcrops. 

The Graniteville granite is very coarse-grained, the grains averaging 
between 34 and 1% inch across. It is exceeded in coarseness only by that 
at Cornwall. The granite usually is as coarse at the contact as elsewhere, 
though locally there is a slight reduction in size of the grains at the im- 
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Figure 10.—Profile of Knoblick Mountain 
Showing the relationship of the rhyolite to the granite. 


mediate contact (figure 11). Stringers of granite 2 inches (and less) 
wide cut the porphyry. These may be coarse- or fine-grained, depending 
upon their thickness. 

The rhyolite shows flow lines and phenocrysts of feldspar (and some 
quartz) a few feet from the contact. At the contact, it is bleached and 
dense but, in local areas, has undergone some slight recrystallization. 
Some epidote has developed in the rhyolite, especially along joints. 

The sharpness of the contact at Graniteville makes it unmistakable, and 
the presence of granite stringers in the porphyry is further proof of the 
intrusive character of the granite. 

A mile south of Graniteville is another outcrop of coarse-grained por- 
phyritic granite very similar, though slightly finer in grain, to that at 
the quarries in Graniteville. The area of this granite outcrop comprises 
about 200 acres. It is surrounded on the east, south, and west by a very 
dense rhyolite porphyry, which locally is almost free from phenocrysts. 
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The rhyolite is slightly bleached at the contact with the granite, and the 
flow lines in it extend to the contact. 

A single exposure of the contact was located in the low col connecting 
the granite area with the rhyolite hill to the southeast. The contact was 
vertical (see figure 12) and very sharp. This exposure of the contact 
of the two rocks, although small, is very good and shows conclusively 
that this outcrop was a stock (or better a cupola) of granite intruded 


Figure 11.—Contact of Granite and Porphyry at Outcrop tetween Sheahan’s and 
Schneider’s quarries, Graniteville, Missouri 
The section parted at the contact during its preparation. Phenocrysts of feldspar are 
more abundant in this granite than in that in the quarry below. X 27. 


into the porphyry. The line of contact could be traced, within narrow 
limits, around nearly the entire outcrop, so readily was the coarse-grained 
granite distinguishable from the dense rhyolite with its feldspar pheno- 
erysts and flow structure. 

Cornwall.—The granite in the Cornwall quarry (in eastern Madison 
County) is probably the coarsest in the state, the grains averaging be- 
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tween 1 and 1 inch across. Part of the quartz is white, and as the 
feldspar is a deep red the granite has a striking appearance. The granite 
forms the northeast end of a small hill and the rhyolite the southwest 
part. The entire granite outcrop is limited to a few acres. 

In discussing the Cornwall area, Haworth ™ states: 

“Here also are fine examples of transition from granite into porphyry. The 
east end of the hill is granite, and the rock at the eastern part is the coarsest 
of any known in the state. In passing to the west the texture becomes finer, 
and by the time the middle of the hill is reached it has changed into a tolerably 
coarse-grained porphyry.” 


FicgurRE 12.—Vertical Contact of Granite (left) with Porphyry 


Locality is on the southeast side of the granite outcrop 1 mile south of Granite- 
ville. Hammer head at line of contact. Photograph by Tarr. 


Again Haworth was mistaken, for the coarse-grained granite is in con- 
tact with the rhyolite porphyry which, at the contact, has undergone some 
recrystallization that increased the size of the grains there and developed 
some fine micrographic textures. This increase in size of the grains in 
the porphyry extends only a foot or two from the contact, where it becomes 


the typical dense porphyry. 


11 Erasmus Haworth: Crystalline rocks of Missouri. Missouri Geol. Survey, vol. 8, 
1895, p. 177. 
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Lower down the slope from the exposure of the contact just mentioned, 
a dikelike mass of granite porphyry lies between the granite and the 
rhyolite, but it pinches out near the top of the hill. This granite por- 
phyry contains inclusions of the rhyolite but none of the granite, which 
suggests that it is older than the granite. Both this granite porphyry 
and the rhyolite are cut by a jet-black to greenish black, extremely dense 
felsite that includes fragments of devitrified glass. No.attempt was made 
to work out in full the details of these intrusives, as the chief problem 
under consideration was the actual contact of the granite with the other 
rocks. Epidote has been intensively developed in both of the dikes and 
in the rhyolite, evidently by the solutions from the granite intrusion. 
Thus, the granite is the youngest of all these rocks. It is very possible 
that Haworth found this granite porphyry next to the rhyolite porphyry, 
and not noting the inclusions in it concluded that the granite porphyry 
(which, however, is an entirely different type of rock) graded into the 
rhyolite. He states that the granite in a quarry (which could not be 
located) about 2 miles away is intrusive in the porphyry. 

The contact in this Cornwall area appears to be nearly vertical. This 
contact of the extremely coarse granite with the dense rhyolite can be 
interpreted only to mean that the granite is intrusive, and the increase 
in grain size in the rhyolite at the contact can be due only to the effect 
of heat and solutions from the granite intrusion. 

Matthews Mountain.—Matthews Mountain is about 7 miles southwest 
of Fredericktown in sections 34 and 35 of township 33 north, range 6 
east. Only part of the mountain is shown on the Mine La Motte sheet. 
This locality was visited because Haworth ** cites it as an excellent ex- 
ample of the gradation of granite into porphyry. In discussing transi- 
tion zones, he states: °° 

“On the northwestern part of Matthews Mountain is an exceptionally fine 
illustration. The granite (Tp. 33 N., R. VI E., See. 34) covers a space of a 
little more than ten acres. It reaches up into the porphyry hill, and all along 


the line gradually passes into porphyry in such a way that there is no indica- 
tion whatever of its belonging to a separate eruption.” 


In tracing out the contact on Matthews Mountain, it was soon found 
that Haworth’s estimation of the extent of the outcrop was much too low, 
for the granite was followed eastward nearly a mile and a half and the 
outcrop is nearly half a mile wide. This exposure proved to contain an 
abundance of splendid evidence supporting the intrusive character of the 
granite. 


12 Idem, p. 177. 
13 Idem, p. 217. 
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Sediments form the northern boundary of the granite outcrop. The 
La Motte member rests against the foot of the hill and consists of sand- 
stones and conglomerates. In the conglomerate are pebbles of rhyolite 
porphyry but none of granite. 

The porphyry to the east of the granite (a valley had developed along 
the eastern contact) was a dense rhyolite porphyry containing abundant 
evidence of flow structure. The dip of these flow lines was dominantly 
east and southeast and from 10 to 90 degrees. The contact was traced 
up the west side of the valley, and it was dipping steeply to the east. 

At the top of the ridge, a sharp contact of the granite and porphyry 
was found. Its strike was northwest and southeast but it curved back to 
the northeast and within a short distance passed down the side of the 
ridge. The flow lines of the rhyolite here were roughly parallel to the 
contact and their dip was as high as 60 degrees to the south and south- 
west. 

The granite was medium- to slightly coarse-grained until within 6 
inches of the contact it became finer. The porphyry had undergone 
recrystallization at the contact producing a splendid development of 
micrographic texture (see figure 3). which extends back for 50 feet. 
This recrystallization resulted in a slight increase in granularity near the 
contact, making the porphyry there a fine-grained rock. The granite is 
medium- to slightly coarse-grained until, within 6 inches of the contact, 
it becomes finer. Well-developed graphic intergrowths are common in 
the granite at the contact (figure 13) but disappear within 50 to 100 feet 
below it. 

The contact between the two rocks could easily be traced along the 
top of the mountain, but the actual contact was not seen again until the 
west end of the mountain was reached. There an excellent exposure of it 
was found. The contact was irregular, as it is everywhere. The granite 
is medium- to coarse-grained at the actual contact. The rhyolite is fel- 
sitie (see figure 13), and considerably bleached at the contact but becomes 
darker within 15 to 18 inches of it. 

Miarolitic cavities in the granite of Matthews Mountain are abundant 
and well developed near the contact with the rhyolite. Some, 12 inches long 
and 4 inches wide, are lined with quartz and feldspar and occur within 6 
inches of the contact. Some of the cavities are completely filled with 
quartz and thus form quartz veins. The latter often attain a width of 4 or 
5 inches and extend into the porphyry. The restriction of the cavities 
to the top of the granite intrusion and their maximum development near 
the contact with the porphyry (taken in connection with the recrystalliza- 
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tion of the porphyry) show that the granite was rich in gases that ac- 
cumulated at the top of the magma. These gases aided also in making 
the granite coarser in the upper part. 

The outcrop of granite on Matthews Mountain is elongated and rela- 
tively narrow. Its contact along the south side is more or less irregular. 
Near the west end of the mountain the contact swings to the south and 


Ficure 13.—Microphotograph of the Contact of the recrystallized Porphyry with the 
Granite (below) 


Shows development of graphic texture in granite, and recrystallization of the porphyry. 
Contact on west side of Matthews Mountain. X 27. 


then turns west and is lost under sediments. The position of the Cam- 
brian sediments in valleys now occupied by streams shows that there 
were valleys in the same location in pre-Cambrian times. As no granite 
fragments were found in these sediments, though the slope and the sedi- 
ments themselves are now covered with granite boulders, it is evident that 
the original topography was closely similar to that of the present, yet the 
granite was not exposed, at least on the higher slopes. Since the Cambrian 
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period, the thin veneer of porphyry has been removed and the granite 
exposed. It seems probable, then, that the original intrusion of granite 
had an outline on this side roughly similar to the present form of the 
exposure on the mountain. In other words, it was an elongated stock 
thrust up into and displacing the porphyry, causing the wide variability 
in the dip of the rhyolite adjacent to the granite. The steeply dipping 
contacts formed here, and elsewhere, are further evidence of the intrusive 
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Ficure 14.—Sketch Map of Outcrop of Granite on Matthews Mountain, and Sections 
Showing the probable original Shape of the Granite Intrusion. 


character of the granite. The position of the contact on the west end of 
the mountain indicates that the granite cuts under the porphyry and 
very probably then plunges steeply downward (figure 14). 

Matthews Mountain shows so many features that prove or favor an 
intrusive origin for the granite that it is one of the outstanding localities 
of the district in this respect. 
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AREAS OF PROBABLE INTRUSIVE CONTACTS 


Cedar Creek.—Haworth has mapped a small outcrop of granite along 
Cedar Creek in section 31, township 33 north, range 6 east. There is no 
granite on the north side of the creek; instead, the rhyolite comes down 
to the valley floor. The granite along the south side is medium-grained, 
but the attempt to find the contact up the hill to the south resulted in 
finding an even coarser-grained rock at the top of the hill, which is mapped 
as porphyry by Haworth. The granite is similar to that at Stono Moun- 
tain. This granite extends to the east along Cedar Creek and is prob- 
ably connected with the granite hill about 1 mile east. The texture of the 
rocks on the two sides of Cedar Creek is opposed to the contact being 
gradational at this outcrop. 

Mount Devon.—Mount Devon is a prominent hill about 3 miles south- 
west of Fredericktown. A small area of granite is mapped by Haworth 
along its foot on the south side, but if this rock is a granite then that at 
the top is, also; in fact, the proper name for the rock is “granite por- 
phyry.” 

Buckner Mountain.—Along the east base of Buckner Mountain, across 
the Little Saint Francis River north of Mount Devon, Haworth has 
mapped a small area of granite. Actually, the entire mountain is a 
rhyolite porphyry in which the phenocrysts show secondary growth and 
are embedded in a fine-grained groundmass. This rhyolite porphyry is 
closely related to the rhyolite of Skrainka Hill to the west. 

Coldwater, Wayne County.—An outcrop of coarse-grained, porphyritic 
granite covers an area of about 2 square miles along the Saint Francis 
River in the northeastern part of township 30 north, range 5 east in north- 
ern Wayne County. Though the actual contact was not found, it was 
located within 15 or 20 feet, and small inclusions of porphyry were found 
in boulders of granite. The evidence strongly favors the view that this 
granite mass is intrusive in the porphyry. 


CONTACTS IN AND AROUND THE LARGE CENTRAL AREA OF GRANITE 


General discussion.—An examination of Haworth’s map (figure 4) 
will reveal that the southwest and western margins of the central granite 
area is in apparent contact with the rhyolite on these sides. It is in these 
places that further evidence of the intrusive character should be found. 
The map reveals other suggestive places for study. 

We have already shown that granite is intrusive into the rhyolite 
porphyry on Knoblick Mountain, and that this same porphyry extends 
to the south about 3 miles. On the Mine La Motte and Ironton sheets, 
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porphyry is shown as capping many of the higher hills and mountains that 
lie wholly within the granite area to the southwest of Knoblick. These, 
then, should be excellent places in which to find the contact. Haworth 
has located the contact, between the granite below and the porphyry 
above, as roughly following the contour lines—a position that might be 
correct if the granite represented the deeper (and therefore more slowly 
cooled) portions of a thick flow and the hills were erosion remnants. 

A study of part of these hills did not support Haworth’s interpretation. 
The hill in section 2, township 34 north, range 4 east is mapped as 
porphyry above the 1300-foot line. If the base of the hill is granite, so is 
the top, for the same rock occurs in both places. Actually, the rock is 
granite-porphyry. A small outcrop of the same rock occurs on the west 
side of Bucks Mountain to the southeast. A medium- to coarse-grained 
granite occurs as the floor of the valley between this hill and Bucks Moun- 
tain. Some nonporphyritic phases on this small hill resemble a fine-grained 
granite on the top of the hill east of Stono Mountain to the north. Bucks 
Mountain has a coarse-grained granite at the base but it becomes medium- 
grained higher up and is only moderately porphyritic. Haworth mapped 
the top of Bucks Mountain as porphyry. 

The hill east of Stono Mountain is also mapped as porphyry, the lower 
limit of which is drawn to agree with the lower limit of the porphyry on 
Stono Mountain to the northwest. This entire small hill consists of the 
same medium-grained granite as does the surrounding area, with the 
exception of a small area of fine-grained granite (almost an aplite) on 
the very top of the hill. 

Bald Mountain was not visited, but the writer ventures to predict that 
the part mapped on it as rhyolite porphyry will not prove to be so. This 
hill is nearly 200 feet lower than Bucks Mountain and only about a mile 
away. Across Wachita Creek, 2 miles east of Bald Mountain, is an elon- 
gated hill, the upper part of which is mapped as porphyry. The north end 
proved to be entirely granite, and the remainder of the hill probably is also. 

Evans Mountain and hill to the west——Farther to the south along 
Highway 70, Evans Mountain and the small hill west of the Saint 
Francis River are largely composed of rhyolite into which the granite 
has been intruded. Excellent evidence of the intrusive action was found 
in many places on both hills. As shown on Haworth’s map, the porphyry 
caps each hill. Actually, the two hills are connected by the rhyolite 
porphyry which is continuous under the river. This is not the only 
place where the map needs revising around Evans Mountain. The 
rhyolite crosses to the north of the Saint Francis River, and likewise 


lat 


INTRUSIVE RELATIONSHIP OF THE GRANITE TO THE PORPHYRY 989 


is found on the southeast side, where it extends more than a quarter of a 
mile beyond the highway in section 2, township 33 north, range 5 east. 

The line of contact of the granite and rhyolite can be found on both 
hills. The actual contact is well shown on the east side of the small 
hill along the Saint Francis River and about half a mile north of the 
bridge. The contact is nearly vertical, and strikes down the face of the 
bluff and crosses the river to the east side. The rhyolite is dense, almost 
black, and shows flow lines that are vertical; the granite is medium- 
grained and red. Therefore the contact is very distinct. The black color 
of the rhyolite is bleached to a distance of 3 inches or more from the con- 
tact. The south contact on the small hill is easily followed, as the granite 
there is coarser-grained and is adjacent to the dense rhyolite. 

In a shallow valley that has been cut b. ~ into the rhyolite of the west 
face of Evans Mountain about 100 feet a) uve the river, there is a small 
exposure of a medium- to coarse-grained granite. This is evidently a 
cupola from the underlying granite mass. Stringers and dikes of the 
granite cut the dense rhyolite porphyry in every direction. Some of 
these dikes are actually pegmatites, as crystals 6 inches long of orthoclase 
and quartz are common in them. Solutions from the granite veins have 
bleached the rhyolite. Miarolitic cavities are common in the granite. 
There can be no doubt of the intrusive character of the granite here. 
Evidently, hot solutions emanating from this granite instrustive, or 
from other nearby masses, were the cause also of the great quantities of 
intensely seriticized rhyolite that are found all along this face of Evans 
Mountain, as well as at other points around it. 

An excellent contact occurs on the south side of Evans Mountain. The 
exposure is in a small valley, and shows the coarse, gray phase of the 
granite, mentioned above, in actual contact with the dense rhyolite. 
Blocks of rhyolite are entirely surrounded by granite. These blocks may 
be xenoliths that were formely roof pendants. The rhyolite has been 
moderately bleached. 

About a mile southeast of this contact, granite of a much finer grain 
may be seen in contact with the rhyolite. Both rocks are badly weathered, 
and the microscope was of great assistance in interpreting their textures. 

Skrainka Hill, Bald Mountain, and Frizzell Branch.—On the south- 
east side of the large granite area lie Skrainka Hill and Bald Mountain. 
The latter is capped by rhyolite, but a remarkable, nearly black rock lies 
between the granite and the porphyry. The exact relationship of the 
three rocks has not been worked out as yet, but there has evidently been 
some assimilation there, and if so, the granite is intrusive. Granite ex- 
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tends much higher up the side of Skrainka Hill than it is mapped. This 
area is remarkable for the very large basic dikes that cut the granite and 
rhyolite. Further studies of these dikes are being made in an attempt to 
determine their relationship. 

An excellent contact of the granite and a felsitic rhyolite occurs just 
below the schoolhouse on Frizzell Branch. The original rhyolite has 
been completely recrystallized to a fine-grained granite. The contact is 
readily seen, however, as the granite is medium- to coarse-grained. The 
character of this rhyolite suggests that it was a roof pendant that became 
deeply buried in the granite; hence its complete recrystallization. 

Stouts Creek south of Roselle-——<A fine contact is exposed along the 
north side of Stouts Creek, half a mile south of Roselle, in section 6, town- 
ship 33 north, range 5 east. Haworth '* discusses this locality in detail 
and gives four analyses of the granite and porphyry to prove their grada- 
tional relationship. Had he examined the rocks exposed along the north 
bank, he would have found splendid sharp contacts. The coarse-grained 
granite is in contact with a dense or fine-grained, recrystallized rhyolite. 
The contacts are so plain, they could not be missed. It may be that they 
were covered by flood-plain deposits when Haworth visited the locality. 
High water prevented the writer from crossing to the south side of the 
creek and examining the contact there, but the evidence for an intrusive 
relationship on the north side is so positive that the need of doing so does 
not seem imperative. 

Farther to the north the contact between the granite and rhyolite was 
limited to a space of + or 5 feet along the west line of section 14, town- 
ship 34 north, range 4 east. 

Stono Mountain.—Still farther north, an excellent contact is found 
near the 1200-foot contour line on the south slope of Stono Mountain. 
The granite is medium-grained but is finer where it is in contact with 
the dense porphyritic rhyolite. Evidently, the intrusive granite had 
been chilled along its contact with the rhyolite. The rhyolite is much 
bleached and recrystallized for several feet from the contact. The rhyo- 
lite of Stono Mountain is similar to that on Knoblick Mountain, Evans 
Mountain, and in other places to the south. Locally, it varies consider- 
ably and may be nearly free from phenocrysts. 

Stouts Creek “Shut-in.”—One more locality where a sharp contact was 
seen is at the bridge over Stouts Creek at the “Shut-in.” A small area 
of granite, to the northwest of the bridge, has been intruded into the 
dense rhyolite porphyry which is well exposed in the new highway cut 


4 Op. cit., pp. 212-213. 
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by the bridge. This intrusion was accompanied by some mineralization, 
as both pyrite and specularite are common in the granite and adjacent 
porphyry. The granite is medium- to fine-grained and becomes finer 
near the margin of the mass. It shows well-developed graphic texture. 
The rhyolite has been so completely recrystallized near the contact, in 
some parts, that all evidence of the phenocrysts has been lost. 


SUMMARY 


Positive proof that the granites are intrusive into the rhyolites in the 
area of igneous rocks in southeastern Missouri is given in this paper. 
The facts cited as evidence may be summarized as follows: 

1. In many localities the medium- to coarse-grained granites are in 
actual contact with the dense rhyolites, a condition that is commonly 
recognized as indicating an intrusive relationship. 

2. Contacts were found in which the granite was in contact with a 
rhyolite showing flow structure, an impossible gradational relationship. 

3. Most of the contacts found are vertical, or nearly so, which is a 
common position for the contacts between intrusive rocks. 

4. Nearly horizontal contacts are found, and these, also, are common 
relationships of intrusive rocks. 

5. The contact of the granite with the rhyolite cuts across the contours ; 
it should follow them if the granite was the result of a slower cooling of 
the lower part of a widespread, essentially horizontal lava flow. 

6. The contact is extremely irregular in direction as well as in dip— 
further conditions that should not exist under the gradational hypothesis 
given above in 5. 

7. The flow lines in the rhyolite, where determinable, lie at all angles, 
showing evidence of displacement by the intrusive granite. 

8. The recrystallization of the rhyolite adjacent to the granite indi- 
cates a process induced in the rhyolite by the heat and the solutions from 
the intrusive granite. This recrystallization dies out at a short distance 
from the granite. 

9. Bleaching of the rhyolite near the contact is another change due to 
heat from the intrusive. 

10. Development. of micrographic textures in the rhyolite adjacent 
to the granite is due to the same cause as the recrystallization. 

11. Inclusions of rhyolite in the granite furnish indisputable evi- 
dence of the existence of the rhyolite as a solid rock while the granite was 


still in a liquid state. 
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12. Stringers and dikes of granite cutting the rhyolite prove that the 
former is intrusive in the latter. 

13. The presence of miarolitic cavities near the margin of the granite 
mass indicates the confinement of gases (and liquids) within the granite, 
whereas if the two rocks were gradational these cavities would be dis- 
tributed through the gradational zone. 

14. Fluorite, epidote, and quartz occur primarily in the granites but 
have also been introduced into the rhyolite from the granite intrusion. 

15. The boss- or cupola-shape of many of the smaller granite masses 
(in connection with the more or less vertical walls of the masses, and other 
relationships) becomes strong evidence in favor of the intrusive character 
of the granite. 

Some of these lines of evidence are widely accepted as proof of the 
intrusive character of a rock mass. Others, in themselves, are not proof, 
but when associated with some of the positive elements become strong 
supporting evidence. Taken as a whole, these lines of evidence would be 
regarded as undoubted proof of the intrusive character of any igneous 
rock in such a relationship to another rock. 

It is impossible to tell how much younger the granites of this area are 
than the rhyolites. As yet, no attempt has been made to differentiate 
between the granites. Numerous other problems needing solution are 
connected with these igneous rocks. 
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INTRODUCTION 


While a graduate student at Yale University, the writer was asked by 
Professor Schuchert for an explanation of the repeated vertical land 
movements apparently involved in the changing shorelines of ancient seas 
as depicted upon his paleogeographic maps, then in preparation. The 
principle of diastrophism seemed to be overworked when called on to ex- 
plain marked recessions and advances of shorelines during a single geo- 
logic period. The quest for a solution of this problem continued during 
succeeding years without result, until a study was made of the stratigraphy 
of the southern plains of Canada for the Canadian Geological Survey. 
Here the thick series of alternating continental and marine sediments of 
Upper Cretaceous age, with their varying facies from sand in the west to 
shale in the east, provided data for comparative studies of rate of deposi- 
tion of coarse and fine detritals, and for a quantitative comparison of 
deposition of sediments and vertical land movements. The observations 


1 Manuscript received by the Secretary of the Society May 11, 1932. 
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upon which conclusions have been based and the reasoning applied are re- 
corded below." 

The facts assembled support the conclusion that diastrophism was re- 
sponsible for the setting of the stage for the events of Upper Cretaceous 
time, and also rang down the curtain at its close, but the intervening move- 
ments of the strand-line, which were many and of wide extent, mark the 
lack of balance of land depression and deposition of sediments. 

The study includes quantitative measurements of the size and height 
of land-forms which must have been eroded to provide the Upper Creta- 
ceous sediments of the plains. 


Uprer Cretaceous SEDIMENTS 


The most striking characters of the Upper Cretaceous sediments of 
the Great Plains of Canada are the alternations of fresh-water sandstone 
and marine shale which have accumulated to thicknesses of thousands of 
feet. 

In the west, near the front of the Rocky Mountains, sandstones pre- 
dominate, and far to the east, shale with some sandy beds represents 
various well-defined sandstone and shale formations of the middle area. 
Brackish-water Mollusca identify transition beds from fine to coarse 
clastics and mark temporary near-shore conditions. True limestones are 
lacking, and current action—of rivers on the one hand, and of shallow 
seas on the other—is indicated in the sediments by cross-bedding and 
by lenticular deposits. 

The older formations of Upper Cretaceous age, such as the Upper 
Blairmore, consist mainly of coarse clastics deposited in the Rocky 


1¥For descriptions of the Southern Plains of Canada and adjoining regions, the reader 
is referred to the following publications : 

N. B. Davis: Report on the clay resources of southern Saskatchewan. Mines Branch, 
Dept. Mines (Canada), 1918. 

G. M. Dawson: Report on the region in the vicinity of the Bow and Belly rivers, 
N. W. T., Canada. Geol. Survey Canada, Rept. Prog. 1880, 81, 82. 

D. B. Dowling: Southern Plains of Alberta. Geol. Survey Canada, Mem. 93, 1917. 

D. B. Dowling, S. E. Slipper, and F. H. McLearn: Investigations of the oil and gas 
fields of Alberta, Saskatchewan, and Manitoba. Geol. Survey Canada, Mem. 116, 1919. 

R. G. McConnell: Report on the Cypress Hills, Wood Mountain, and adjacent coun- 
try. Geol. Survey Canada, Ann. Rept. 1885, pt. G. 

F. H. MecLearn: Stratigraphy, structure, and clay deposits of Eastend Area, Cypress 
Hills, Saskatchewan. Geol. Survey Canada, Summ. Rept., pt. B, 1927, pp. 21-53. 

W. T. Thom, Jr., and C. E. Dobbin: Stratigraphy of Cretaceous Eocene transition beds 
in Eastern Montana and the Dakotas. Bull. Geol. Soc. Am., vol. 35, 1924, pp. 481-506. 

M. Y. Williams: Sandstone dykes in southeastern Alberta. Roy. Soc. Canada, Proc. 
and Trans., 3rd Ser., vol. 21, sec. 4, 1927, pp. 153-171. 

M. Y. Williams and W. S. Dyer: Geology of southern Alberta and southwestern Sas- 
katchewan, Geol. Surv. Canada, Mem. 1638, 1930. 
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Table of Formations of Montana Age as represented in the southern Plains of Canada. 


| 


Divisions Foothills of | Alberta-Saskatchewan Manitoba 
Alberta | boundary 
Lance Fresh-water sandstone, 
| coal, ete. 
z Fox Hills fresh-water | 
= sandstone with marine 
a | interbeds 
Zz Allison | Odanah marine 
§ freshwater | Bearpaw marine shale = shale 
sandstone 
| Montana Belly River fresh-water | |—-—————— 
sandstone, coal, etc. 
- Pakowki marine shale = marine shale 
| Milk River fresh-water 
| sandstone 
Colorado Marine shale, bentonite, etc. 


Mountain geosyncline and now included in the Rocky Mountains. The 
succeeding sediments of Colorado age consist almost entirely of shales, 
which are spread widely over the great plains from the mountains to 
Manitoba, and northward from the 49th parallel into the Peace River 
valley. These sediments are practically all marine and were deposited 
during the maximum Mesozoic submergence of North America—a_ sub- 
mergence which may have extended as an unbroken sea from the Gulf 
of Mexico to the Arctic Ocean. The shallow sea-way so occupied extended 
to the eastward of the Rocky Mountain geosyncline and evidently had its 
origin in diastrophic movements. Its 2,000 feet of shales, however, were 
derived from highlands west of the Rockies. 

Colorado time was succeeded by Montana time, during which the 
Pierre-Fox Hills seas existed. 

Along the international boundary, Montana sediments include sand- 
stone formations which thin out and disappear in central Saskatchewan 
and shale formations which pinch out near the Rocky Mountain foot- 
hills. In the central region the thickest sandstones are near the center 
of the mass, these being succeeded by the thickest shale. The lower 
members consist of thin sandstone and shale formations, which form a 
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transition from the Colorado shale; the upper members represent a corre- 
sponding transition through Fox Hills to Fort Union sediments. 


DESCRIPTION OF MontTANA FORMATIONS 


As the present paper is based mainly on studies of Montana forma- 
tions, they are here described as they occur along the 49th parallel across 
Alberta, Saskatchewan, and Manitoba. 

The Milk River formation, which rests on the Colorado shale, con- 
sists of gray to white cross-bedded sandstone, with shale beds near its 
base. It contains fossil wood, leaves, and dinosaur bones and is clearly 
of estuarine and river floodplain origin. It averages about 200 feet in 
thickness and thins to the east and northeast, disappearing in central 
Saskatchewan. 

The succeeding Pakowki shale (Claggett of Montana) is generally 
sandy and in the west contains brackish-water fossils such as oysters. 
Elsewhere the fauna is sparse but marine, including some well-known 
lower Pierre cephalopods. A peculiar feature of the western occurrences 
of the formation is the presence, at or near the upper and lower contacts, 
of 2 or 3 inches of fine conglomerate composed of shining black argillite 
pebbles about one-half inch in diameter. The Pakowki shale is from 
215 to 330 feet in thickness in southwestern Alberta and 700 feet thick 
in the vicinity of Medicine Hat. In the foothills it is replaced by sand- 
stone. 

The next higher formation, named Belly River by Dawson (Judith 
River of Montana), is composed of a lower division of interbedded 
brackish- and fresh-water sandstones and silts, including coal seams and 
beds of oyster shells, and an upper division of fresh-water sands, silts, and 
coal seams. In the foothills a continuous sandstone series 2,500 to 3,000 
feet thick—the Allison formation of the Crow’s Nest area—represents 
Milk River, Pakowki, Belly River, and perhaps higher sediments. The 
typical Belly River sediments are 900 to 1,600 feet thick, but they thin 
to the eastward, being only about 550 feet thick at Moose Jaw. where 
all but the upper 140 feet is mostly shale. 

The Bearpaw shale, resting on the Belly River formation, consists of 
dark gray and black shale, inclosing marine cephalopods and lamelli- 
branchs. This formation extends to the Foothills of the Rocky Moun- 
tains on the west and to the North Saskatchewan River on the north. 
In the central area its thickness is approximately 600 feet. 

As formerly described by the author ?, the Bearpaw shale of the Cypress 


2 Sandstone dikes in southwestern Alberta. 
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Hills region contains numerous sandstone dikes, which cut it from bot- 
tom to top. These dikes were eroded at the top before the overlying Fox 
Hills sandstone was deposited, and are believed to have been intruded 
during the initial movements accompanying the building of the Rocky 
Mountains. 

The Fox Hills formation rests on the Bearpaw shale in central and 
western Alberta, where it generally consists of 100 to. 200 feet of rather 
massive sandstone of fresh-water origin. In the Cypress Hills region 
of eastern Alberta, shale members containing marine fossils occur; the 
section is 370 feet thick, made up as follows in descending order: 


Feet Inches 
Dark gray shale with bentonite and gypsum .............. 110 
Loose, friable gray to light brown sandstone.............-. 130 


The Fox Hills formation is overlain by sediments of fresh-water origin, 
which are of Lance and younger age and are known in different parts as 
Edmonton, Saint Mary River, and Estevan formations. The present 
study is concerned only with the deposits below the Lance, and so it ends 
with the Fox Hills formation. 

As already stated, the Montana formations of the mountains and foot- 
hills consist of a thick series of sandstones. The sandstone formations 
of the central area all thin and wedge out to the eastward, and in Mani- 
toba the Montana sediments are represented by lower and upper Pierre 
shales—the Millwood and Odanah formations—totalling 1,000 feet in 
thickness. Both divisions consist of shallow-water marine sediments. 


MAGNITUDE OF MONTANA SEDIMENTS AND THEIR ORIGIN 


Sediments of Montana age extend from the Rocky Mountain divide in 
the Crow’s Nest Pass eastward to old Lake Agassiz basin in Manitoba, 
the distance measured at right angles to the mountain front being about 
650 miles. These sediments probably extended originally considerably 
farther both ways. ‘Taking the average thickness of the sediments as 
2,000 feet, the quantity of detritus underlying a strip of country 1 mile 
wide and 650 miles long would be about 246 cubic miles. As the sedi- 
ments lie spread out rather evenly in front of the Cordilleran belt, it 
seems fair to assume that a section of sediments 1 mile wide was derived 
by erosion from a section of the same width extending up the eastern 
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slope of the Jurasside mountains to their summit. These mountains 
extended from the south-flowing Kootenay River in the Rocky Moun- 
tain trench, westward to the Arrow Lakes. Assuming the mountain 
divide to be midway between Lower Arrow and Kootenay lakes, the area 
affected by eastward-trending erosion would be about 75 miles across, 
and the depth of erosion required to supply 246 cubic miles of sediments 
would be 3.4 miles or about 18,000 feet. This does not mean that the 
mountains were 18,000 feet higher than now, for elevation doubtless con- 
tinued pari passu with denudation, just, as will be shown, depression 
accompanied sedimentation. 

It is to be remembered that only the sediments of Montana age are 
being considered, that is, from the top of the Colorado formation to the 
top of the Fox Hills formation. As the Colorado formation at Coutts is 
about 2,000 feet thick, at least twice the denudation accounted for above 
occurred in Upper Cretaceous time. Lance and Fort Union sedimenta- 
tion were derived in part from the same region and in part perhaps from 
the rising Rocky Mountains. 


HisroricaL SUMMARY 


The descriptions of Montana-Pierre formations, as given above, sug- 
gest important events of Upper Cretaceous history. 

The Colorado Sea had evidently retreated (whether it was driven back 
by earth movements or by filling of its basin with sediments will be dis- 
cussed later) far to the east, and over its abandoned mud-flats the Milk 
River sandstone was deposited by rivers heading in the far western moun- 
tains. Ina short time in the geologic sense a new marine invasion com- 
menced, this time of the Pierre Sea. Its western extension was short- 
lived, as shown by the thin, brackish-water sediments of the Pakowki 
formation, underlain and overlain by thin black chert conglomerate. 
Evidently the time required for the deposition of this formation was 
not long enough for the complete erosion of the beds furnishing the chert. 

The Belly River retreat of the Pierre Sea was on a large scale, both 
as to area and as to the period of time involved. It is evident, however, 
that the Belly River deposits were never much above sealevel, as shown 
by the presence of brackish-water fossils. The Belly River retreat marks 
the close of lower Pierre time. 

The upper Pierre Sea flowed in over the Belly River sands as far west 
as the foothills of Alberta. Oyster shells mark its advance, and later 
came colonies of Arctica ovata and the swimming cephalopods. This 
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Bearpaw invasion was similar, in many ways, to that of the Colorado 
Sea. 

The last Pierre retreat progressed steadily eastward toward the Cypress 
Hills region, where two advances of lessening extent—as recorded in the 
shale members of the Fox Hills formation—intervened before the final 
sea retreat to the south and east. This is the last marine submergence 
for the great plains of southern Canada. , 

The fluctuations of the Pierre shoreline as described above were rhythmi- 
eal, and although few in number, resemble on a very slow scale the record 
of a seismograph. The Milk River-Pakowki retreat and advance were 
introductory to the great oscillating retreat of Belly River time, and 
this in turn was followed by the Bearpaw advance, which was evidently 
accompanied by minor oscillations. The final Fox Hills retreat, although 
very definite, was decidedly oscillatory in the Cypress Hills region. The 
resemblance to a seismograph record is obvious. 


CAUSES OF MOVEMENTS OF THE SHORELINE 


It is evident that the retreat of a sea may be due either to the general 
lowering of the surface of the oceans by the enlargement or deepening 
of their beds or to the increase in height of the land adjacent to and under- 
lying that part of the sea which is affected. This increase in height may 
be due to diastrophism (earth movements) or to filling of the basin by 
the deposition of sediments. To which of the above causes were the 
movements of the Pierre seas due ? 

Movements of the strand-line due to general sealevel changes would 
be recorded similarly all around the world, which is not the case during 
Montana time. It is evident then that regional causes must be sought 
in order to explain regional movements. 

The greatest amount of evidence is contained in the Cypress Hills 
sections of the Montana sediments, where the greatest number of strand- 
line movements is recorded. Here more than 2,000 feet of alternating 
marine and fresh-water sediments were deposited during Montana time, 
without any well-defined disconformities. Hiatuses doubtless exist, and 
some erosion is evidenced at the top of the Bearpaw shale, where the 
sandstone dikes are bevelled across and overlain by the Fox Hills sand- 
stone. However, no important differential uplift appears to have oc- 
curred during the deposition of the sediments. Moreover, they are 
of such a nature as to indicate that they were all laid down near sea- 
level, that is, in estuaries or on river floodplains, or else in seas which 
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were probably rarely more than 300 feet deep. The muddy nature of 
the marine deposits, their contained sandstone lenses, and their obvious 
dependence upon currents for their widespread distribution, as well as 
their fossil content, all point to shallow-water conditions. Moreover, 
each formation records sealevel at its top and bottom, as marine sedi- 
ments are succeeded by fresh-water sediments or vice versa. One forma- 
tion after another repeats the history of those below, which sank lower 
and lower, as the basin settled some 2,000 feet under the load of incom- 
ing sediments. 

The questions arise: Was the settling of this great basin at a uniform 
rate?; were there reversals, or uplifts, at times?; or was the settling 
continuous but at a varying rate of speed? The problem obviously in- 
cludes time as a factor, and the only direct measurement of time avail- 
able is that of the rate of sedimentation. For the purposes of this study, 
it may be assumed that all Montana sandstones were deposited at the 
same rate. While this can not possibly be an accurate assumption, it 
may be sufficiently near the truth for present purposes. An assumption 
of a similar nature is that the Allison sandstones of the west—some 
2,800 feet thick—and the Pierre shales of the Saskatchewan-Manitoba 
border—1,300 feet thick—were deposited during the same interval. A 
similar comparison may be made between the Montana section of 1,300 
feet of sandstone and 800 feet of shale in the Cypress Hills and the 
1,500 feet of shale and 200 feet of sandstone south of Moose Jaw. The 
first comparison gives 1 foot of shale the same time value as 2.15 feet of 
sandstone: The second (1,300 feet of sandstone -++ 800 feet of shale = 200 
feet of sandstone + 1,500 feet of shale) gives 1 foot of shale the same 
time value as 1.5 feet of sandstone. Other comparisons raise the esti- 
mate slightly, so that 1 foot of Pierre shale in the Cypress Hills region 
is considered as the approximate time equivalent of 2.2 feet of sandstone 
in the same region. 

By the use of this factor, a time scale for the various Montana forma- 
tions in the Cypress Hills region has been calculated directly from their 
known thicknesses. In the accompanying diagram this scale has been 
used for the abscissa, the unit of measurement representing the time re- 
quired for the deposition of 1 foot of shale. The scale of the ordinates 
represents feet, and along them are recorded in relation to sealevel, the 
varying positions of the land surface, and the tops and bottoms of geologic 
formations during Montana time. As stated above, each formation begins 
and ends at sealevel, and the nine fixed points of time, marking the close 
of one formation and the beginning of the next, have indicated beneath 
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them the boundary lines between the older formations. During suc- 
ceeding time intervals, the formation contacts are depressed accord- 
ing to the thickness of the formations deposited. The land surface 
is assumed never to have been raised much above sealevel, and the seas 
are assumed never to have been more than 300 feet deep. It will be seen 
that on the ordinates through the fixed time points are indicated the 
actual thickness of the formations already deposited, and the connecting 
smooth curves represent the relative movements of the sedimentary basin. 
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Ficure 1.—Diagram illustrating Surface Depression and the Magnitude of Montana 
(Upper Cretaceous) Sediments in southeastern Alberta 


Lines A, B, C, D, E. F indicate movements of depression as affecting the surfaces 
of the Colorado, Milk River, Belly River, Bearpaw and Fox Hills formations during the 
time-intervals recorded. 


From a study of the diagram it is evident that the main earth move- 
ment has been one of settling, evidently as a result of sedimentary load. 
Deposition and settling have not, however, quite balanced, and for this 
reason the seas were now driven back before the encroaching river deposits, 
but later, due to accelerated settling, shallow seas invaded the bordering 
alluvial lands. Only by increasing the height of land surfaces on the 
diagram, and by deepening the seas beyond the limits used—and there 
seems no justification for doing either—would appreciable land elevation 
be indicated. 
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The above study covers only part of Upper Cretaceous time, but the 
facts relating to older and younger formations support the conclusion 
that, had they been included, the results would have been the same. 


CONCLUSION 


Montana time in southern Alberta began with the deposition of river- 
borne sands upon the floodplains and flats bordering the shallow retreat- 
ing Colorado Sea and closed with a similar sand deposition as the Pierre- 
Fox Hills Sea made its final retreat. In the interval, as recorded in the 
Cypress Hills region, 2,200 feet of alternating marine shale and fresh- 
and brackish-water sandstone, making up seven members, was deposited. 
Thus the old Colorado shale surface was depressed 2,200 feet below sea- 
level. This depression was irregular in rate, and although apparently 
induced by the load of sediments received, was at times overtaken by the 
inwash of sediments, so that the seas were driven back for 200 to 300 
miles, while at other times it was sufficiently rapid to bring back wide- 
spread transgressions of shallow seas. The seas were evidently always 
shallow, and the temporary lands were never high. Vertical upward 
movements, if they occurred, were small and of short duration. The 
essential factors were deposition in a geosynclinal basin and sinking of 
the basin under load. Neither of these factors acted at uniform rates, 
and sea advances and retreats recorded their lack of balance. 

Thus in Upper Cretaceous time as recorded in the western plains of 
Canada, sea transgressions and retreats appear to have been quite in- 
dependent of diastrophism and were controlled only by the balance be- 
tween deposition of sediments and the settling of a geosynclinal basin. 

May it not be the general case that geological periods are opened and 
closed by diastrophic movements, while the intervening events are for 
the most part controlled by factors, set into play by diastrophism it is 
true, but acting under their own momentum during the life of the 
Period ? 

How great were the diastrophic movements which initiated Upper 
Cretaceous events may be judged from the conclusion that a mountain 
mass 75 miles across and 18,000 feet thick was eroded away to supply 
the Montana sediments of the Southern plains of Canada. 
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2 Cyclothem is derived from two Greek words: Cyclos, cycle, and thema, a deposit. It 
has been proposed that each of the cyclical series of beds in the Pennsylvanian system 
be considered a formation (Weller, Jour. Geol., vol. 38, 1930, p. 101). Inasmuch as 
the word “formation” is very loosely employed in stratigraphy to designate a single 
bed, a group of beds having some character in common such as age, composition, or 
origin, a group of more or less unrelated beds combined for convenience into a carto- 
graphical unit, ete., this term seems inappropriate for the very definite subdivisions 
of the Pennsylvanian system that are coming to be widely recognized, unless it be always 
prefixed by the adjective “cyclical.” The word “cyclothem” is therefore proposed to 
designate a series of beds deposited during a single sedimentary cycle of the type that 
prevailed during the Pennsylvanian period. A cyclothem ranks as a formation in the 
scale of stratigraphic nomenclature.—J. M. WELLER. 

8 Under the title “Regional persistence of Pennsylvanian cycles.” 
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1004. WANLESS AND WELLER—PENNSYLVANIAN CYCLOTHEMS 


INTRODUCTION 
GENERAL STATEMENT 


The heterogeneous strata of the Pennsylvanian system in the central 
and eastern states constitute a complex succession so different from the 
older Paleozoic systems that the interpretation of the Pennsylvanian is 
difficult and few geologists have attempted more than a generalization of 
its geological history. Because of variable lithology and the generally 
long or unknown range of invertebrate fossils, these standard means of 
correlation have proved, up to this time, to be of negligible service, and 
the fossil plants, which are probably no more accurate stratigraphic in- 
dices than are the invertebrates, have furnished the basis for practically 
all previous correlations between the Pennsylvanian strata of the dif- 
ferent basins or between remote portions of the same basin. 


THE CYCLICAL HYPOTHESIS 


In 1926 a broad stratigraphic study of the Pennsylvanian system in 
Illinois was begun by the Illinois State Geological Survey under the 
direction of J. M. Weller. As this study proceeded he was impressed 
by the remarkable similiarity of the stratigraphic section associated with 
almost every coal bed. His observations at hundreds of localities in all 
parts of Illinois and Indiana during the course of three field seasons fur- 
nished the basis for certain generalizations regarding the succession of 
the various types of strata which were supported by Wanless’ detailed 
studies in the Alexis and Havana quadrangles‘ of western Illinois, where 
a standard stratigraphic section of the lower Pennsylvanian beds was 
compiled.’ Their studies showed that the Pennsylvanian system in the 
Eastern Interior basin consists of repeated series of beds or cyclothems, 
each of which is composed of a similar succession of members: 

Marine sediments : 
8. Shale with “ironstone” nodules and bands 


7. Limestone with marine fossils 
6. Black sheety shale with large concretions 


Continental sediments: 
5. Coal 
4. Underclay 


*H. R. Wanless: Geology and mineral resources of the Alexis Quadrangle. Illinois 
State Geol. Survey Bull. 57, 1929; Geology and mineral resources of the Havana Quad- 
rangle. Illinois State Geol. Survey unpublished manuscript. 

5H. R. Wanless: Pennsylvanian cycles in western Illinois. Illinois State Geol. Sur- 
vey Bull. 60, 1931, pp. 179-193; Pennsylvanian section in western Illinois. Bull. Geol. 
Soc. Amer., vol. 42, 1931, pp. 801-812. 
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3. Limestone without marine fossils . 

2. Sandy shale 

1. Sandstone unconformable on lower beds 

An interpretation of the physiographic conditions both in the sedi- 

mentary basin and in the land area from which the sediments were 
derived has been presented as a hypothesis of cyclical Pennsylvanian sedi- 
mentation,® which explains the successive deposition of these recurring 
cyclothems and their subsequent preservation. One of the most im- 
portant points of this hypothesis was the postulation that each of the 
cyclothems should be widely extensive in the sedimentary basin. Should 
this postulation be established, a new method of correlation would be 
available, dependent not on a few key horizons nor on faunas or floras, 
but on a succession of cyclothems. 


RECENT INVESTIGATIONS 


The general section established by Wanless in the Alexis and Havana 
quadrangles of western Illinois has been traced, supplemented, and ex- 
tended by him from Rock Island to Murphysboro, Illinois, in three sea- 
sons of regional studies. Dr. H. B. Willman has studied in detail the 
Pennsylvanian strata exposed along Illinois River in north-central I]li- 
nois, and 8. E. Ekblaw has worked out the upper Pennsylvanian section 
west of the center of the Illinois basin. Weller has studied and correlated 
the strata between Danville, Illinois, and Wabash River, and Weller and 
Wanless have traced these strata southward into Edgar County, Illinois, 
and southern Vermillion and Park counties, Indiana. Weller has also 
made rapid reconnaissance studies of the Pennsylvanian system in other 
States from Oklahoma to West Virginia,’ and the best exposures of the 
lower Pennsylvanian beds in the northern part of the Western Interior 
basin were later restudied by Weller and Wanless. 

All of these studies have shown (1) that the entire Pennsylvanian sys- 
tem in the Eastern Interior and northern Appalachian basins and the 
lower Pennsylvanian strata in the northern part of the Western Interior 
basin consist of a similar succession of cyclothems, (2) that individual 
cyclothems are persistent, and (3) that correlation of cyclothems at 
widely separated localities is possible. 


¢°J. M. Weller: Cyclical sedimentation in the Pennsylvanian period and its significance. 
Jour. Geol., vol. 38, no. 2, 1930, pp. 97-135; The conception of cyclical sedimentation 
during the Pennsylvanian period. Illinois State Geol. Survey Bull. 60, 1931, pp. 163-177. 


7 These studies were made possible by a grant-in-aid from the National Research Council. 
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CORRELATION OF PENNSYLVANIAN STRATA 
GENERAL DISCUSSION 


Many of the cyclothems are nearly as varied within a single county 
as within the entire State of Illinois. For this reason a detailed study 
of only a small area may leave the impression that the beds vary greatly, 
whereas a more general survey of almost the entire Eastern Interior basin 
has revealed that the Pennsylvanian system throughout this region is re- 
markably uniform. Although all of the cyclothems consist of the same 
general members and reflect the repetition of the same general sedimen- 
tary cycle, physical, chemical, and biotic conditions were never exactly 
duplicated in the different cycles, and practically every cyclothem pos- 
sesses unique characteristics by which it may be recognized. Although 
all of the members of each cyclothem vary in thickness and lithology from 
place to place, the character of some beds is remarkably similar at locali- 
ties a hundred miles or more apart. 

Correlation of Pennsylvanian strata is accomplished by careful study 
of the exposures with special regard to the cyclothems. After a cyclothem 
has been carefully studied and its relations to other cyclothems noted in 
a local area, it may be easily traced by studies of exposures at about 10- 
mile intervals, for many members persist with but little change over 
such a distance. 

It is also possible but somewhat more difficult to correlate strata in 
widely separated exposures. Certain cyclothems can be identified with 
more or less certainty, and the section above and below commonly fur- 
nishes much substantiating evidence when it is carefully worked out. 
Although invertebrate fossils have generally proved to be of little value 
in precisely correlating Pennsylvanian cyclothems, they are of great serv- 
ice in making approximate correlations or in verifying correlations based 
upon stratigraphic evidence. 


EASTERN INTERIOR BASIN 


Western Illinois.—The stratigraphic section of the Pennsylvanian sys- 
tem in Illinois west of Illinois River (fig. 1, A), studied in greatest detail 
in Fulton and Peoria counties, has been adopted as a standard with which 
other sections are compared. This same region furnished Worthen’s 
type section for the Pennsylvanian system in Illinois. This section is 
not the most complete that has been observed, for a number of mem- 
bers that are conspicuous and widespread in other areas are lacking, but 
it is the stratigraphic section first carefully worked out, and it is still 
known in greater detail than any other. 
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FIGURE 1.—Correlation Diagram of Pennsylvanian Cyclothems i 
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The stratigraphic section that has been 


Southwest-central Illinois. 


compiled from studies in Greene, Jersey, Macoupin, and Madison coun- 


ties (figure 1, B) has been correlated with the standard section by trac- 
ing the cyclothems through fairly closely spaced exposures. The Liver- 
pool cyclothem in the lower part of the section is easily recognized, and 
the Trivoli cyclothem in the upper part is well developed and readily 
traced. The sub-Liverpool cyclothems are representd ‘only by under- 
clay (the Cheltenham fireclay of the St. Louis district) with the ex- 
ception of the Seahorne limestone which is easily recognized by its lith- 
ology, fauna, and stratigraphic position. The Summum cyclothem, which 
is fairly well developed, includes a marine limestone that is very per- 
sistent to the south but is generally absent to the north. The St. 
David cyclothem is erratic, variable in lithology, and in some places 
can not be recognized. The limestone of the Brereton cyclothem con- 
tinues with little change between these two areas so that coal No. 6 
or its horizon is easily recognized, but the basal sandstone is absent and 
the upper shale is thin. The rudiments of a new cyclothem—the 
Jamestown—recognized at one exposure west of Illinois River become 
a constant feature of the section and persist to the south. This section 
is continued upward to include the Carlinville cyclothem, because it 
contains a limestone member which is very persistent and therefore 
a useful reference horizon. 

The cyclothems below the Liverpool and between the Liverpool and 
Trivoli reflect the influence of a spur of the Ozark dome extending into 
and beyond the region of St. Louis. The continental clastic sediments 
wedge out and the coal beds become thin and erratic on the flanks 
of this spur, whereas the limestones continue across it. This spur prob- 
ably was elevated so slightly above the basins of deposition on either 
side that it furnished no sediments and was submerged during the more 
extensive marine invasions. 

Southwestern Illinois.—Nearly all of the upper cyclothems in Perry, 
Randolph, and Jackson counties (figure 1, ©) have been actually traced 
through the intermediate region and correlated with the standard sec- 
tion. They contain persistent limestones and coal horizons that may 
be recognized without difficulty. A persistent limestone, the Collinsville, 
and a local underlying sandstone occurring between the Carlinville sand- 
stone and the Trivoli limestone appear to be the rudiments of a eyclothem 
not present farther north. The St. David limestone is well developed, 
but its coal (No. 5) is absent. The Summum coal (No. 4), which 
is thin but persistent in western Illinois, is thick over extensive areas in 
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southern Illinois, where it is known as the Harrisburg coal. Because 
it is the first important seam below coal No. 6, it has been erroneously 
correlated with coal No. 5. Although the Liverpool cyclothem dif- 
fers in minor respects from its development in western Illinois, coal No. 
2 is easily recognized by its stratigraphic position with reference to 
younger beds. 

The sub-Liverpool cyclothems regain their distinctness in southwest- 
ern Illinois, 150 miles south of the northern margin of the Cheltenham 
fireclay into which they merge in Schuyler and Brown counties. The 
four cyclothems immediately below the Liverpool are remarkably similar 
to those occurring in the same position in the Fulton County section, ex- 
cept that the coals are thicker. There is little doubt that these are re- 
spectively the Greenbush, Wiley, Seahorne, and De Long cyclothems. The 
Vergennes sandstone is believed to be the sandstone of the De Long 
eyclothem, although its relation to overlying beds has not yet been seen 
in continuous exposures. This part of the section has been studied in 
only a small area, and further observations in southern Illinois should 
reveal additional evidence regarding its correlation. 

The Carbondale formation was originally defined in southern Illinois 
as extending from the base of the Murphysboro coal to the top of the 
Herrin (No. 6) coal. In western and northern Illinois the base of 
the Carbondale formation has been universally placed too high because 
of the miscorrelation of the Murphysboro coal with the true No. 2, 
or Colchester coal, and at least six cyclothems which occur below the 
Liverpool in western Illinois and were previously referred to the Potts- 
ville are now known to be of lower Carbondale age. 

North-central Illinois—An area of thick glacial drift separates the 
exposures of Pennsylvanian strata in Illinois Valley near La Salle (figure 
1, D) from the Pennsylvanian outcrops of western Illinois. The key 
to the correlation of the beds in these two areas is a peculiar thin con- 
glomeratic limestone occupying the position of the typical basal sand- 
stone in the St. David cyclothem. A comparison of cyclothems above 
and below this stratum reveals numerous other similarities, including a 
unique succession of thin calcareous layers above coal No. 2 in the Liver- 
pool cyclothem, which is very persistent and uniform in western Illinois 
and elsewhere. 

The lower and upper coals of the La Salle area are Nos. 2 and 7 in- 
the Liverpool and Gimlet cyclothems. The middle seam which was for- 
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cyclothem and appears to be a drifted coal because no underclay is pres- 
ent beneath it and it is split by many shale partings. 

Eastern Illinois and western Indiana.—The Pennsylvanian strata in 
Vermilion and Edgar counties, Illinois, and Vermilion and Park coun- 
ties, Indiana (figure 1, E, F) thicken rapidly and vary greatly from 
north to south, being more completely developed in the southern part of 
the area than in any area so far studied in Illinois. ‘This region is 150 
miles from the nearest place in Illinois where comparable beds may be 
studied. 

An approximate correlation of the strata was based on fossils ob- 
tained along Big Vermilion River. When the exposed strata were com- 
pared with the standard section, all of the cyclothems from the Seahorne 
to the Carlinville were clearly recognized, with the exception of the 
Brereton, which may be representd by the lower bench of the Danville 
coal and its associated beds. The Brereton cyclothem as shown in figure 
1, E, is based on drill records. Although no coal at the horizon of 
No. 6 has been reported in these drillings, farther south in Sullivan 
County, Indiana, a seam occurs which is persistently divided by shaly 
partings somewhat resembling the clay partings which are so widely pres- 
ent and characteristic of coal No. 6 in all parts of Illinois and apparently 
also in southeastern Iowa, northern Missouri, and eastern Kansas. 

From south to north the interval between the horizon of coal No. 
4 in the Summum cyclothem and the Carlinville limestone decreases con- 
siderably and a number of members disappear, namely, (1) the Collins- 
ville limestone, (2) a coal in the Gimlet cyclothem, (3) the Jamestown 
limestone, (4) a coal in the upper St. David shale, (5) a coal im- 
mediately above the black roof-shale of coal No. 5, in the St. David 
cyclothem, (6) coal No. 4, in the Summum cyclothem, (7) a lentic- 
ular coal in the Summum sandstone, (8) limestone bands overlying coal 
No. 2, in the Liverpool cyclothem, (9) coal No. 2, (10) a coal just 
below the Liverpool cyclothem, (11) a marine fossiliferous horizon 
in the Greenbush cyclothem, and (12) the Greenbush coal. Numbers 
(4) and (10) of the above list, which were previously recognized in west- 
ern Illinois as members of rudimentary cyclothems, are apparently much 
better developed in Indiana. The strata below the Seahorne cyclothem 
have not been studied in Indiana. 

NORTHERN PART OF WESTERN INTERIOR BASIN 


General statement.—N umerous exposures of Pennsylvanian strata have 
been studied in the northern part of the Western Interior basin, chiefly 
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in southeastern Iowa and northeastern Missouri, but this region has not 
been examined with the detail that has characterized the Pennsylvanian 
stratigraphic studies in western Illinois, nor has time been available to 
compile a number of columnar sections to show the range of local varia- 
tions occurring in more or less isolated areas, as has been done in north- 
ern and eastern Illinois and western Indiana. For these reasons the 
interpretation and correlation of strata west of Mississippi River is less 
certain than of those in the Eastern Interior basin. Nevertheless, the 
succession of beds in the lower part of the Pennsylvanian system in both 
basins is so generally similar that it is possible to make some definite 
correlations. 

Southeastern Iowa.—The lowermost Pennsylvanian beds that were 
observed in Jefferson County, Iowa (figure 2, G) correspond closely to 
those in western Illinois, from which they are not far distant. This sec- 
tion in Iowa possesses features that are characteristic of certain horizons 
in the standard Illinois section, namely, (1) the nodular marine lime- 
stone and underlying greenish clay shale of the Seahorne cyclothem, 
(2) the coal-clay-coal succession of the De Long cyclothem, (3) the mas- 
sive, sparkling sandstone of the Seville cyclothem, and (4) the hard, 
carbonaceous shales of the lower cyclothems. Coal No. 2 is believed 
to have been recognized in an outcrop where it overlies a conspicuous 
sandstone composed of massive beds of poorly sorted ferruginous, mica- 
ceous sand separated by thinner and more shaly layers, thus closely re- 
sembling the basal sandstone of the Liverpool cyclothem. Beneath this 
sandstone are two thin cyclothems which lack distinctive characteristics 
but which are probably the Greenbush and Wiley cyclothems. 

Central-southern Iowa.—The lower part of the stratigraphic section 
in Davis and Appanoose counties. Iowa (figure 2, H) is less easily corre- 
lated than that in Jefferson County. The thick coal near the base is 
similar to coal No. 1 of the Rock Island, Illinois, district in that its 
roof of black sheety shale contains large concretions in which occur fos- 
sils that are unknown above the Seville cyclothem in Illinois or Indiana. 

The Liverpool cyclothem is almost certainly identified by (1) the 
thickness of its coal, which corresponds closely to the uniform thickness 
of coal No. 2 in western Illinois, and (2) the characteristic succes- 
sion of beds above the coal, namely, (a) discontinuous gray shale eon- 
taining plant impressions, (b) black sheety shale containing small con- 
cretions that give the bedding plane surfaces a pimply appearance, and 
(c) a number of thin limestone and shale layers, each with distinctive 
lithology and fauna. The Summum cyclothem contains a prominent 
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Figure 2.—Correlation Diagram of Pennsylvanian Cyclothems in Eastern and Western 
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sandstone as it does in Illinois and Indiana, but the upper beds were not 
observed, and it is probable that the marine limestone is either thin or 
absent. 

The Mystic coal of Appanoose County is almost certainly equivalent 
to coal No. 6 of Illinois. It exhibits a similar succession of charac- 
teristic clay partings and its relations to the “bottom-rock” and “cap- 
rock” of Bain’s Appanoose formation * are identical with the relations 
of coal No. 6 to the St. David and Brereton limestones in southwest- 
central Illinois (figure 2, B). The “cap-rock” and “17-foot lime- 
stone” of the Appanoose formation both contain a Fusulina of the type 
that is characteristic of the Brereton limestone and is unknown at higher 
horizons in Illinois, and the “50-foot limestone” commonly contains the 
same Fusulina that characterizes the Sparland limestone. On the basis 
of these fossils the “50-foot limestone” is correlated with the Sparland 
limestone, and the “17-foot limestone” and its underlying black shale 
and clay, which appear to make it a distinct though incomplete cyclothem, 
are tentatively correlated with the Jamestown cyclothem. The “floating 
rock” of Appanoose County and its associated beds more closely resemble 
members of the Trivoli cyclothem than they do members of the Gimlet 
cyclothem. If this suggested correlation be correct, the Gimlet cyclothem 
is absent here. 

Many of the strata present in Davis and Appanoose counties also out- 
crop in Lucas County. According to tentative correlations, the Mystic 
coal is absent, the seam mined along Swede Hollow is coal No. 5, the 
Wheeler coal is No. 4, and the Whitebreast coal is No. 2. The cap- 
rock of coal No. 5, which is the “bottom-rock” of the Mystic seam, 
is discontinuously present. Persistent limestone beds known as the 
“Two-layer limestone” occur a short distance above coal No. 2 (White- 
breast). The lower part of the Lucas County section is less certainly 
correlated, but marine limestones are present in what appear to be 
the Wiley, Seahorne, and De Long cyclothems. The upper coal that 
is mined in the northeastern corner of the county near drainage level 
is probably the Seville coal, and the “Lower” coal 40 to 60 feet below 
is possibly in the Babylon cyclothem or even lower stratigraphically. 

Northern Missourit.—The lower Pennsylvanian strata of northeastern 
Missouri are fairly constant, and the stratigraphic section (figure 2, J) 
was compiled from measurements made in Randolph County. The corre- , 
lation between Illinois and the eastern part of the main Pennsylvanian 


*H. F. Bain: Geology of Appanoose County. Iowa Geol. Survey, vol. 5, 1896, p. 378. 
° A. L. Lugn: Geology of Lucas County. Iowa Geol. Survey, vol. 32, 1927, pp. 101-237. 
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area of Missouri is greatly facilitated by the presence of outliers in Cal- 
houn County, Illinois, and St. Louis and Lincoln counties, Missouri, 
which make it possible to trace the Summum and St. David lime- 
stones across this area and identify them as the cap-rocks of the Mulky 
and Summit coals, respectively. The Summum limestone is lithologi- 
cally uniform over a wide area in northern Missouri and at most places 
can be recognized without difficulty by its characteristic faunal associa- 
tions. The St. David cyclothem is thin, lacks a basal sandstone, and 
is somewhat more variable than the Summum. The Brereton cyclothem 
has been recognized at several places in northern Missouri. Its coal 
(No. 6) is generally absent, as for instance near Wellsville in Mont- 
gomery County, where the succession of clay bands associated with the 
coal is present but the coal benches are represented only by smutty streaks. 
The Sparland cyclothem generally includes no coal, but its limestone is 
well developed and contains the characteristic type of Fusulina. 

In the St. Louis district all of the cyclothems below the Liverpool 
are merged into the Cheltenham fireclay (figure 2, B). In Montgomery 
County, Missouri, the Liverpool cyclothem can not be recognized and 
the fireclay deposits extend up to the Mulky (No. +) coal horizon. 
In western Audrain County, black shale in the upper part of the fireclay 
seems to represent the horizon of coal No. 2. Farther west, in Boone 
and Randolph counties, the Liverpool cyclothem again becomes distin- 
guishable, although it lacks its basal sandstone and the Bevier coal proves 
to be the equivalent of coal No. 2. In western Randolph County the 
basal sandstone of the Summum cyclothem becomes conspicuous and the 
interval between the Bevier (No. 2) and Mulky (No. 4) coal horizons 
expands rapidly to the west. 

Several marine limestones, separated by shale, which occur below the 
underclay of the Bevier coal, more or less resemble the Seahorne lime- 
stone lithologically and have not been satisfactorily correlated. The 
Tebo coal of northern Missouri?® which occurs below these limestones 
probably corresponds to the Greenbush, Wiley, or Seahorne coal. Hard, 
carbonaceous shales which occur still lower stratigraphically are like those 
characterizing the Seville and lower cyclothems in Illinois. 

The strata at Lexington in Lafayette County have not been positively 
correlated. The uppermost or Pawnee limestone is probably the Spar- 
land limestone and is locally underlain by a massive channel sandstone. 
The limestone overlying the Lexington coal occurs in two beds separated 


1 The type locality of the Tebo coal is in southwest-central Missouri, and it is not 
established that the Tebo coal of northern Missouri is actually this same bed. The 
authors have not seen the Tebo coal in its type area. 
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by black shale. This succession may represent either (1) the James- 
town and Brereton limestones with the Jamestown coal horizon interven- 
ing, in which case the Lexington coal is No. 6, as suggested by its 
persistent clay partings, or (2) the Jamestown limestone alone, in which — 
case the Lexington coal is the Jamestown coal, its “bottom rock” is the 
Brereton limestone, and coal No. 6 is undeveloped. Lower strata com- 
prise the St. David, Summum, and Liverpool cyclothems and bear the 
Summit, Mulky, and Bevier coals respectively. 

A thick sandstone that occurs above the beds so far discussed (Hen- 
rietta and Cherokee) has been commonly assigned to the Pleasanton 
formation of the old classification, and the sandstones in the Warrensburg 
and Moberly channels have also been tentatively assigned to this forma- 
tion. The most conspicuous sandstone in the equivalent part of the 
stratigraphic column in southwest-central Illinois is the Carlinville sand- 
stone, to which the sandstones that overlie the Pawnee limestone and fill 
channels cut into Henrietta beds may be partly or wholly equivalent. 

Western Missouri and eastern Kansas.—The strata exposed in the 
vicinity of Fort Scott in eastern Bourbon County, Kansas, and western 
Vernon County, Missouri,"’ (figure 2, K) closely resemble the standard 
Illinois section and most of the beds may be clearly correlated. The 
eyclothem containing the Williams coal includes an overlying series of 
limestone bands separated by shale characteristic of the Liverpool cyclo- 
them and is completed above by a thick shale comparable to the Liverpool 
shale. The Williams coal is therefore coal No. 2. The cyclothem 
correlated with the Summum includes a basal sandstone; a well-devel- 
oped coal, the Fort Scott; and a persistent cap-rock, the Lower Fort 
Scott limestone which contains a fauna identical with that of the cap- 
rock of the Mulky coal in northern Missouri. The Fort Scott coal is 
therefore coal No. 4. The St. David cyclothem includes a persistent 
limestone, the Upper Fort Scott, and locally a thin seam of coal (No. 
5—Summit of Missouri). 

The Brereton cyclothem is contained in the lower part of the Labette 
shale and includes a clay band sequence characteristic of coal No. 6, 
although the coal benches are represented mainly by smutty streaks. This 
eyclothem is thin and lacks a basal sandstone. The coal is reported to 
be generally absent, and limestone is only locally present. The James- 
town cyclothem appears to be represented by a thin coal and associated 
beds in the midst of the Labette shale. The greater part of the Labette 


uF. C, Green and W. F. Pond: The geology of Vernon County. Missouri Bur. Geol. 
and Mines, ser. 2, vol. 19, 1926. 
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shale probably belongs to the Sparland cyclothem, and the Butler coal 
(not shown in the section because it was not observed) is correlated with 
coal No. 7. It is reported that the Butler coal is overlain by a per- 
sistent thin limestone separated from the Pawnee limestone by black 
shale without any trace of coal or underclay. Inasmuch as the Pawnee 
limestone contains the characteristic Sparland Fusulina, both the cap- 
rock limestone of the Butler coal and the Pawnee limestone are tenta- 
tively correlated with it. 

The strata beneath the Williams coal in Vernon County, Missouri, are 
similar to those beneath the Bevier coal in northern Missouri. The 
Diamond Rock limestone is correlated with the Bevier “sump rock,” and 
the One-foot coal may be the Tebo coal. 

Northeastern Oklahoma.—The Fort Scott limestones are widely used 
as key beds in the oil fields of Kansas and Oklahoma and have been 
traced in outcrop south as far as Arkansas River. In northeastern Okla- 
homa the Summit (No. 5) coal and its underclay are absent between 
the limestones which, east of Tulsa, are separated by black marine shale. 
The Prue sandstone is the basal sandstone of the Summum cyclothem 
and resembles the Summum sandstone of Illinois in lithology but is 
somewhat thicker. The Verdigris limestone and its underlying coal are 
assigned to the Liverpool cyclothem. ‘The Chelsea sand is believed to be 
the basal member of the Greenbush or Liverpool cyclothem and apparently 
disappears northward. 


CONCLUSIONS 


Field studies have demonstrated that most of the Pennsylvanian cyclo- 
thems extend throughout the Eastern Interior basin and can be traced 
from outcrop to outcrop for long distances or recognized in isolated 
localities by peculiarities of lithology, fauna, and stratigraphic succession. 
Cyclothems in addition to those first recognized in western Illinois ap- 
pear to the south and east, where they are for the most part incompletely 
developed. They are represented only locally in the northwestern part of 
the basin by seemingly erratic beds which could not be interpreted ac- 
cording to the cyclical hypothesis so long as only their local occurrence 
was known. 

That part of the section which occurs below the Liverpool cyclothem 
offers some difficulties in interpretation and correlation because of the 
general thinness of the cyclothems, their more or less incomplete devel- 
opment, and their variable lithology. The correlation of the Liverpool 
and younger cyclothems is easier, but difficulties are also introduced by 
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certain features such as (1) the incomplete cyclothem in the lower part 
of the Liverpool, (2) the erratic development of the St. David cyclo- 
them in the St. Louis region, (3) the provisional Jamestown cyclo- 
them, and (4) the possible composite character of the Gimlet cyclothem. 

Observations in the northern part of the Western Interior basin have 
demonstrated that the Lower Pennsylvanian strata may be divided into 
eyclothems which can be correlated with those in Illinois on the basis of 
faunas, stratigraphy, and lithology. Data sufficient for definite correla- 
tion of higher strata have not been obtained. 

The remarkable similarity of the Lower Pennsylvanian strata on both 
sides of Mississippi River substantiates the postulation (1) that the 
Pennsylvanian strata in the various coal basins are but remnants of an 
originally continuous sedimentary blanket, (2) that the marine invasions 
which occurred periodically througnout the Pennsylvanian period were 
very extensive and connected the various basins in nearly every case, 
and (3) that the cyclical repetition of strata in the different basins was 
controlled by the same series of diastrophic movements which must have 
affected the entire eastern half of North America. Strictly, the evidence 
so far warrants these conclusions only for the Eastern and Western Inte- 
rior basins, but inasmuch as the Pennsylvanian strata in the northern part 
of the Appalachian basin occur in a similar cyclical succession it may 
soon be possible to make precise correlations between that region and the 
Eastern Interior basin. 

The rudimentary cyclothems present an interesting problem unrecog- 
nized when the cyclical hypothesis was formulated. Their interpretation 
awaits further studies. 


: 
| 
| 
: 
| 
| 


BULLETIN OF THE GEOLOGICAL SOCIETY OF AMERICA 
VOL. 43, PP. 1017-1040, 12 FIGS. DECEMBER 30, 1932 


SEDIMENTS OF THE CONTINENTAL SHELVES! 
FRANCIS P. SHEPARD ” 


(Read before the Geological Society December 29, 1931) 


CONTENTS 

Page 
Northeastern coast of the United ee 1019 
Southern and southeastern coasts of the United States................. 1021 
Northeastern coast of South America, from Trinidad Island to the Amazon. 1023 
Pacific coast of the United States, San Francisco to Juan de Fuca Strait.. 1027 
Continental shelf conditions related to stratigraphy....................... 1039 

INTRODUCTION 


Many geologists have stated that marine sediments vary from coarse 
to fine directly as the distance from shore and the depth of water increase. 
Such gradation seems so reasonable in view of our knowledge of waves 


1 Manuscript received by the Secretary of the Society April 8, 1932. 

2 The writer wishes to acknowledge his obligation to Dr. H. R. Wanless for assistance 
in examining various bottom samples and to Dr. J. M. Weller for many suggestions in 
the preparation of this manuscript. Also thanks are due to Dr. W. L. Schmitt for the 
loan of bottom samples from the National Museum. 
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and currents that what is practically a geologic axiom has come into exist- 
ence. Most standard textbooks assume that this principle applies to the 
sediments on the present continental shelves. A well-known text states 
that “sand generally does not extend beyond a depth of 250 to 300 feet 
and the outer portion of the continental shelf is therefore covered by 
muds alone.” Others emphasize the same principle but are less definite in 
their statements. The belief that such gradation of sediments occurs on 
the continental shelves evidently developed without regard for the abun- 
dant record of bottom samples obtained during the charting of the shelf 
seas for navigational purposes. The character of the bottom is shown by 
symbols adjacent to many of the soundings on the published charts and 
more detailed information may be obiained from the original survey 
charts. Many samples of the sediments from the shelves adjacent to the 
United Sta‘es have been preserved and are available at the National Mu- 
seum at Washington. 

The present study of the continental shelf sediments has been based 
primarily on the information recorded on the published charts of the 
world, supplemented by various original survey charts, and on an examina- 
tion of sediments collected by the United States Coast Survey. Knowl- 
edge of bottom conditions is an aid to navigation and the sediments have 
been classified on a practical basis, being described by terms such as gravel, 
sand, shells, and mud, which can be understood by navigators. The data 
presented on the hydrographic charts appear to be adequate for a recon- 
naissance study of the sediments on the continental shelves. Many in- 
accuracies doubtless occur as a result of misinterpretation of samples, but 
the writer’s examination of hundreds of samples obtained by the United 
States Coast Survey has shown that in general the determinations are 
reasonably accurate from a geologic point of view. Furthermore, com- 
parisons of the data on the charts with descriptions of marine sediments 
analyzed by geologists * show a general agreement. The studies of sedi- 
ments by geologists are, of course, much more significant scientifically 
than the survey data, but they have covered only a few restricted areas 
and have led to the analysis of a relatively small number of specimens, so 


8 The following sources were used for this comparison : 

Parker Trask: Sedimentation in the Channel Island Region, California. Econ. Geol., 
vol. 26, 1932, pp. 24-43. 

W. S. Burbank : Sediments of the Gulf of Maine. Unpublished manuscript in the files 
of the United States Geological Survey. 

F. B. Summer, G. D. Louderback, et al.: Report upon physical conditions in San Fran 
cisco Bay. Univ. of California Zool., vol. 14, 1914, p. 112, pl. 5. 

L. Dangeard : Geologie sous marine de la Manche. Ann. Inst. Oceanogr., tome 6, fase. 
1, 1928. 
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INTRODUCTION 


that a scientific basis for sediment maps of the continental shelves has 
not yet been laid. However, much valuable information may be obtained 
from a careful study of the survey records, which indicate the more strik- 
ing differences in bottom conditions even if they lack accurate descriptions. 


SEDIMENT DistrRIBUTION MAps 
GENERAL STATEMENT 


The maps presented herewith are of necessity much generalized, and 
as the boundaries between the various types of sediments are rarely 
sharp, the lines have been drawn somewhat arbitrarily. The maps are 
based on the bottom records indicated on hundreds of large-scale hydro- 
graphic charts. The charts were divided into sediment zones, and these 
zones were transferred to small-scale charts from which the present maps 
were traced. 

Some of the types of bottom indicated on these maps require special 
attention to make their significance comprehensible. The description 
“rocky” does not necessarily indicate that the bottom consists of rock 
in place, since soundings which encounter boulders or locally indurated 
sediment might be recorded as “rocky.” Some officers have used the term 
where they recovered angular fragments which they considered to be pieces 
of what they term “ledge rock.” Ledge rock probably exists, however, at 
many places on the continental shelves, as will be explained later. The 
term “ooze” is perhaps applied to soft liquid mud which resembles deep-sea 
ooze in appearance but is not of organic origin. The “clay and silt” 
shown on the maps has generally been designated “mud” on the charts. 
The term “shells” has been used to include the rather infrequent notation 
of coral. Where the term “clay” is used in such combinations as “clay, 
sand, and shells” the term “silt” was omitted but should be considered 
to be included. 

In the following discussions “outward decreasing gradation” is used 
to indicate that the sediment grades from coarse near shore to fine beyond, 
and “outward increasing gradation” signifies the reverse. 


NORTHEASTERN COAST OF THE UNITED STATES 


The shelf off the northeastern coast of the United States has been 
studied more thoroughly than any other. The original survey sheets in 
the files of the United States Coast Survey and a report by W. 8S. Burbank 
containing analyses of sediments from the Gulf of Maine were consulted. 
Bottom samples collected by the Coast Survey were examined micro- 
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scopically, and some were analyzed mechanically. Except for the exact 
locations of boundaries and certain unavoidable generalizations, the map 
of this area is probably quite accurate.* 

The most striking feature in the northeastern portion of this area is the 
difference between the sediments of Georges Bank and the Gulf of 
Maine. The almost complete absence of clay-silt on the bank contrasts 
with the large percentage of fine sediment in the samples taken from the 
deep gulf inside. It is significant that the greater part of the clay-silt 
sediments from the Gulf of Maine which Burbank studied contain sand 
and pebbles. Similar sediments are reported from the deeps and banks 
respectively along the shelves off Nova Scotia and Newfoundland, and 
the situation is well shown on the maps published by the French fisheries.° 
Similar bottom materials occur along other glaciated coasts. 

The presence of clay, sand, and pebbles in the deeper parts of the Gulf 
of Maine is explainable on the assumption that the glaciers crossed the 
gulf and impinged on Georges Bank® as has been suggested by several 
geologists. The absence of clay on the surface of the bank does not mean 
that the sediment was originally different from that in the gulf. Sediment 
similar to that of the gulf has been brought up from the bank on the 
flukes of anchors, which evidently dug through the surface veneer and 
penetrated into a boulder clay below. The sand and gravel on the surface 
must have been washed free of finer material by currents. 

Rock bottom, reported from various submerged hills in the Gulf of 
Maine, probably consists of true rock outcrops laid bare by glaciation. 

There is a decreasing gradation of sediments off the coast of southern 
Massachusetts, but samples collected by H. M. Stetson* of the Ocean- 
ographic Institution at Woods Hole showed that the sediments near the 
outer edge of the shelf are coarser than those somewhat nearer shore. 
Thus outward increasing gradation occurs at the outer edge of the shelf. 

Sand and clay-silt are reported all along the inner course of the Hudson 
submarine gorge, while on either side sand with a mixture of shells and 
gravel predominates. A large patch of sand and gravel is present on the 
south side of the channel without a corresponding zone on the north. 
Pebbles of crystalline rocks from the small zone outside were probably 


‘Since preparing this report an examination of 400 specimens on the shelf off New 
York has been begun by G. V. Cohee and the writer. Preliminary results check the map 


very closely. 
5Cartes des Peches de Banc Neuves. Offices Scientifique et Technique des Peches 


Maritimes, Paris. 
6 The evidence for this assumption will be presented elsewhere. 


7 Personal communication. 
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derived from the pre-Cambrian belt which occurs inside the neighboring 
coas.al plain and probably represents outwash from the glaciers which cov- 
ered part of Long Island. Pebbly material in much of the area inside may 
have been buried by finer sediment derived from the land after the retreat 
of the glaciers and the rise in sealevel which accompanied the retreat. Such 
burial is suggested by the occurrence of sand coated with silt particles 
in sediments somewhat inside this pebble zone. . 

The same general lack of relationship between the coarseness of sedi- 
ment and the distance from shore is evident farther south where the 
coarse sediment is largely confined to the mouths of the bays in zones 
extending almost at right angles to the shore. Conspicuous clay-silt 
zones are present beneath the quiet waters of the large bays, but elsewhere 
waves and currents keep the fine sediments in suspension. 

An isolated sample coming from shallow water off the Virginia-Mary- 
land boundary and others from water a mile deep on the continental 
slopes off this same general region were found to be composed of very fine 
silt and clay and are essentially similar except that foraminifera are 
present in the deeper samples. 


SOUTHERN AND SOUTHEASTERN COASTS OF THE UNITED STATES 


The same patchy distribution of sediment continues south of Cape 
Hatteras. There is a notable increase in the number of samples from 
which shells are reported, and there are zones with pebbles here and there 
with no evident relation to the depth or distance from shore. 

The observations of Alexander Agassiz * have shown that the shelf on 
the west side of Florida is largely covered with calcareous sediments. 
The charts of this area are deceiving because most of them record “sand 
and shells.” Samples from this region that were examined were lacking 
in quartz-sand, and the use of sand as a textural term seemed questionable 
for some of them. For this reason the chart data were not followed here. 

Sand and gravel generally free from clay and silt occur off the mouth 
of the Appalachicola River. Sand and mud are recorded adjacent to and 
on either side of the Mississippi delta. Examination of samples showed 
that clay-silt is greatly in excess of sand. Outside the southwest pass of 
the river, Trowbridge ° found coarser sediment on knolls in 30 fathoms 
of water. 


§ Alexander Agassiz: Cruises of the Blake, vol. 1, 1888, fig. 191, p. 286. 
®A. C. Trowbridge: Building of Mississippi Delta. Bull. Am. Assoc. Petr. Geol., vol. 
14, 1930, pp. 867-901. 
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A pronounced clay-silt zone extends west of the Mississippi delta and 
many of the samples contain sand and shells. “Mud” is recorded in the 
lagoons. 

Along most of the east coast of Mexico from the Rio Grande to the 


Gulf of Campeche, “sand” is recorded inshore and “mud” offshore. Thus 


on this narrow shelf there is outward decreasing gradation. 


NORTHEASTERN COAST OF SOUTH AMERICA, TRINIDAD ISLAND TO 


THE AMAZON 


The muddy sediment off the low alluvial plains between Trinidad and 
the Amazon must be largely a product of the great rivers, chiefly the 
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FIGURE 3.—Reconnaissance Map of Sediment Distribution on the continental Shelf 
off northeastern South America, Trinidad Island to the Amazon 


Amazon and the Orinoco. Sandy material is almost invariably reported 
outside of the clay-silt zone which borders this coast. The shelf to the 
east of the Amazon is also surprising, since it is reported as covered by 
gravel and sand even out to a depth of 50 fathoms. The effect of the 
Amazon on the sediment farther east is clearly lacking, since “mud” i 
reported only locally. 

This distribution of sediment is probably the result of the strong cur- 
rent which sweeps northwestward along the coast. The coarser material 
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on the outside of the shelf suggests that the current is stronger in the 
deeper water. 

Rock bottom occurs off the south coast of Trinidad in close proximity 
to the clay-silt zone off the Orinoco, with no indication of a gradational 
zone. 

EAST COAST OF BRAZIL AND URUGUAY 

East of the Amazon, gravel is reported at many places and rock bottom 
records are abundant along the outer margin, although outward increasing 
gradation is not conspicuous. The presence of finer sediment inshore in 
several places suggests that the gravel may be of local origin. Shells which 
were relatively scarce to the northwest become abundant in this region. 

The shelf is quite narrow from Cape San Roque to Royal Charlotte 
Banks at latitude 16° south, and shows several examples of increasing 
gradation. One case not plainly shown on the map occurs at the mouth of 
the San Francisco River, where there is a sandy zone outside a clay-silt 
zone. 

Beyond Royal Charlotte Banks the coral reefs give a mottled appear- 
ance to the map. Rock bottom reports probably indicate the hard floor 
of some of the reefs. Several peculiar overlaps with sand on the inside in 
some places and clay-silt in others occur off latitude 25° south. Opposite 
Rio de Janeiro a “mud” zone grades outward into a sand zone. Farther 
south the shore is bordered by a sandy belt, and the sediment of the deeper 
water is mostly fine. Near Rio de la Plata this outer zone becomes very 
patchy and resembles the distribution on the shelf off the eastern United 
States. 

At the mouth of Rio de la Plata a clay-silt zone occurs inshore with 
coarser sediments beyond. The clay-silt zone extends to the north but 
not to the south, producing a distribution similar to that off the Amazon, 
and likewise shows the effects of the northward-flowing ocean current. 

South of Rio de la Plata (not shown on the maps of this report), the 
coarser sediments reflect the more arid climate and the absence of large 
muddy rivers. The finer sediments are confined to the inner portion of 
the shelf, and the only large area of clay-silt is in the Gulf of San Jorge 
which is entered by no large rivers. Gravel deposits completely sur- 
rounded this area of fine sediment which may be of local origin. 

Not only is the fine sediment confined to the inside of the shelf, but 
also the gravels appear to be confined to this inner heterogeneous zone. 
In the Gulf of San Matias, which has strong currents and deep water, 
there is an area of sand and gravel mixed with shells. A fairly large area 
of gravel, sand, and “mud” is present off southeastern Argentina at about 
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the place where the Pleistocene glaciers are thought to have reached the 
coast. The same type of deposit is found in the glaciated Gulf of Maine 


and is almost entirely absent between these places. 
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FigurE 4.—Reconnaissance Map of Sediment Distribution on the con- 
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NORTHWESTERN COAST OF MEXICO 


The quiet Gulf of California and the muddy Colorado River have evi- 
dently cooperated to produce a broad clay-silt zone extending out for at 
least 200 miles from the mouth of the river. 
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There is a marked contrast in the sediment off the coast of Mexico 
proper between latitude 20° and 27° and off Lower California. There 
appears to be a change from sandy material near shore to clay-silt outside 
off Mexico, while off lower California the change is in the opposite direc- 
tion and shells which are infrequent to the East become common. This 
abundance of shells may be explained by the clearness of the water ad- 
jacent to this coast where few streams occur, and the sediments may be 
residual from an earlier stage with small additions of wave erosion prod- 
ucts. The rock bottom off Lower California probably represents sub- 
marine ridges and erosion of these by waves may have produced the pebble 
formations. 

One of the largest areas of shells and mud occurs in Sebastian-Viscaine 
Bay. The apparent absence of an adequate source for fine sediment 
along this coast today and the abundance of shells, suggests that the clay- 
silt is an earlier sediment and that the shells are now living on an old mud 
bottom in relatively clear water. The area of sand and shells in the center 
of the bay supports this conclusion. 


PACIFIC COAST OF THE UNITED STATES, SAN FRANCISCO TO JUAN 
DE FUCA STRAIT 

The sediments on part of the irregular continental shelf off the coast 
of Southern California have been studied by Parker Trask.’° This shelf 
differs from the others considered in this paper in the occurrence of deeps 
of up to 1,000 fathoms with steep-sided ridges between. Trask found 
coarse sediment or rock bottom on the submerged ridges and fine sedi- 
ment in the intervening troughs and noted that there is little relationship 
between distance from the shore and the coarseness of the sediment. 
Trask considered that the currents produced by winds, tides, and ocean 
circulation and the effects of the submarine topography on currents were 
the factors responsible for the sediment distribution. 

Along the coast north of San Francisco there is a more characteristic 
type of continental shelf. Between San Francisco and Cape Mendocino 
there are a number of places where rock bottom occurs, the southern- 
most of which is marked by projecting rocks known as the Farallon 
Islands, and probably true ledge rock is present in all of them because 
they are ali areas of submarine relief. Along this coast there is little 
evidence of decreasing gradation of sediment except north of Point Arena. 

The continental shelf off Punta Gorda and Cape Mendocino is rocky 
in many places and the sediment is patchy, but farther north the sedi- 


1° Parker D. Trask: Op. cit. 
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ment shows an outward decreasing gradation along 100 miles of the coast. 
Beyond this a series of projections extend outward from the edge of the 
shelf, and sand predominates but is mixed with gravel on the outside. 
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Figure 6.—Reconnaissance Map of Sediment Distribution on the continental Shelf off 
Pacific Coast, San Francisco to Juan de Fuca Strait 
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Near Hecate Bank the water shoals to as litle as 22 fathoms and shale 
is reported at many places, suggesting that this bank is a true rock ledge. 

There is some indication of outward decreasing gradation of the sedi- 
ment from Cape Foulweather to Tillamook Head, just south of the mouth 
of the Columbia. Farther north the sediment is quite variable and grades 
into a mixture of clay, sand, and gravel in the strait of Juan de Fuca, and 
in the trough extending outward to the edge of the continental shelf. This 
trough has been described elsewhere as being of glacial origin,’ a view 
which is in keeping with the nature of the sediment. 


EASTERN COAST OF ASIA 


The charts of the continental shelf from Korea north to Bering Sea 
show many records of rock bottom except in the Sea of Okhotsk. The 
significance of this rock bottom is not evident. 

Outward increasing gradation is common along the east coast of Asia 
especially near the large rivers. The Amur River has a clay-silt zone in 
the northern end of the Gulf of Tartary, which is succeeded by an outer 
sand zone in the Sea of Okhotsk, and a similar distribution occurs off 
the Gulf of Peter the Great. A much more conspicuous example of the 
same thing is found in the Gulf of Pechili and the Yellow Sea. The 
tremendous quantity of fine sediment carried into these waters by the 
huge rivers has given the Yellow Sea its name but clay-silt is by no means 
the only sediment reported from the bottom. Off the old mouth of the 
Hwang-ho, abandoned a few centuries ago, sand appears to be more abun- 
dant than clay-silt, and gravel is reported at some places. The records 
of rock bottom and gravel near the middle of the Yellow Sea and even 
in the Gulf of Pechili which do not occur in shallow areas are difficult 
to understand. The general distribution farther from shore of a clay- 
silt zone grading outward into sand is, however, comparable to the situa- 
tion off the mouth of the Amazon and other large rivers. The area of 
sand along the west coast of Korea, where there are no large streams, is 
on the far side of the Yellow Sea from the large Chinese rivers, but it 
seems strange that the silt and clay from the Yang-tze-kiang and Hwang- 
ho have not extended this far. The coarse sediment on the outside of 
the shelf at this place may have been kept free from finer material by 
the Japanese current. 

Inner mud and outer sand zones follow the coast between the mouth 
of the Yang-tze-kiang and Formosa, reminding one of the northeast 


1 Francis P. Shepard: Glacial troughs of the continental shelves. Jour. Geol., vol. 39, 
1931, pp. 345-360. 
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coast of South America. The sediments become patchy south of For- 
mosa. South of Tonkin Gulf the shelf is dominantly muddy with coarse 
sediment outside, this distribution probably being produced by the large 
rivers which debouche along this part of the coast. 

The Gulf of Siam has an extensive zone of clay-silt, the deposit of a 
large river, outside of which occurs coarser sediment. The situation is 
strikingly similar to the Yellow Sea, even in regard to the sand on the 
north side of the bay. 


SOUTHERN COAST OF ASIA 


There is no clear evidence of outward decreasing gradation in Malakka 
Strait, where the sediment consists of intermingling zones of clay-silt 
and sand, having rock bottom on some of the shoaler areas. Rock bottom 
that may represent coral heads is reported along the outside of the con- 
tinental shelf between the Strait and the Gulf of Martaban. This is 
mostly, but not entirely, in shallow water. Like many coasts off large 
rivers, the Gulf of Martaban has the usual clay-silt zone inshore with 
coarser materials outside, but the clay-silt zone is more extensive and more 
completely covers the shelf than off most rivers. 

The continental shelf of the Andaman Islands has a large amount of 
calcareous, presumably coralline, sediment like that occurring about the 
islands to the south. 

The Ganges and Brahmaputra rivers apparently exert a great influence 
upon the sedimentation in the Bay of Bengal, and fine sediments pre- 
Jominate in the upper part. Although sediment observations are rather 
scarce off the delta of these rivers, it is evident that the material is coarser 
in the central part than on either side where the largest distributaries 
are located. A submarine trench cut in the shelf near the middle of 
the delta margin contains pteropod ooze similar to that reported from 
much deeper waters of the Bay of Bengal outside, which suggests that 
this trough may be followed by a current from the deep sea. 

The sediments on the east coast of the Indian Peninsula are largely 
clay-silt and sand, with the former predominating, particularly off the 
large rivers. South of Madras the sediments grade outward into coarse 
materials with some alternations. Palk Strait, fringed by the rock 
material of Adams Bridge to the south and west, is largely occupied by 
mud. 

Outward decreasing gradation is almost lacking on the west coast of 
India, which is bordered by clay-silt deposits along almost its entire 
length. Rock bottom or recent coral deposits are abundant to the south, 
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Figure 8.—Reconnaissance Map of Sediment Distribution on the continental Shelf off southern Asia 
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and shell deposits and corals are reported from many localities on the 
ouside of the shelf. The clay-silt zone widens near the Gulf of Cambay 
and on either side of the Indus. Coarser sediment and rock bottom are 
reported at a few places near the Indus delta. The sediment zones here 
are similar to those off most other large rivers. 


WESTERN COAST OF EUROPE 


The sediments of the European continental shelf have been studied in 
greater detail than those of any other part of the world. The Atlantic 
coast of Portugal and France has been specially mapped by the fisheries 
departments of the two nations. Sediments from the North Sea and 
the English Channel have been studied by various men, notably Dan- 
geard,’* under the auspices of the Monaco Institute. 

The Portuguese coast south of latitude 40° is described as largely rocky 
with some thin coatings of sand and mud, but whether there is justifica- 
tion for the mapping of so much rock bottom is doubtful. Small zones 
of clay-silt off the mouths of the Tagus, Guadiana, and Guadalquivir 
rivers are each bordered by areas of rock bottom, as are similar zones 
off the south coast of Trinidad Island. Some indication of outward 
decreasing gradation occurs at about latitude 40° north, but this grada- 
tion is not persistent and is interrupted by patches of rock bottom. 

An intermediate belt of clay-silt with sand on either side occurs off 
western France, and patches of gravel are present far from land. Sand 
extends along the shore of the Landes sand dune area. Clay occurs in 
the bay at the mouth of the Garonne and is also abundant along most of 
the coast which receives river drainage. The submarine valley which 
approaches close to the coast at Cap Breton is reported to contain fine 
sediment in contrast to the sand present on either side. 

The sediments from the Finistere Peninsula of France northward 
along the western side of the British Isles are extremely patchy and diffi- 
cult to map. The shelf off the English Channel and up the channel as 
far as Cherbourg contains a variable mixture of gravel, sand, and shells. 
In this area and in the English Channel numerous blocks of rock have 
been dredged from the bottom and described by Dangeard ** and others. 
Dangeard concluded that many of them were obtained from outcrops and 
could be used to identify the formations which underlie this body of water. 
Modern sediments probably form only a thin veneer over the solid rock 
in much of this area. 


Dangeard: Op. cit. 
13, Dangeard: Op. cit. 
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FicurE 9.—Reconnaissance Map of Sediment Distribution on the continental Shelf off western Europe 
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The sediments of the Irish Sea are likewise very patchy, and the map 
of this area is much generalized. Gravel increases in abundance north 
of the Irish Sea, and large areas of rock bottom occur off northern Ireland 
and Scotland. Practically all of the specimens dredged from a wide 
area contain pebbles, but in the northern part of the Irish Sea pebbles 
are rare and “mud” is dominant, becoming even more important directly 
off the Scotch coast to the north. Glaciation has probably been a factor 
in these regions and may account for the large amount of rock bottom 
and gravel. 

The North Sea is much more sandy than most other shelf seas of simi- 
lar shape. The Yellow Sea, the Gulf of Siam, and the Gulf of Mara- 
caibo contain large clay-silt zones, but in the North Sea the only appre- 
ciable area of fine sediment occurs in the deep trough which borders 
the south coast of Norway. It is probable that turbulence of the North 
Sea prevents the fine sediments of the Rhine and the Elbe from being 
deposited until they have been carried beyond the shelf or into the trough 
south of Norway. It is also probable that the material at the bottom 
of the North Sea is of glacial origin and that the finer particles were 
removed by wave and current action as they were from Georges Bank. 

The identification as ooze of certain bottom samples from the North 
Sea, particularly in the trough south of Norway, seems doubtful because 
of the relatively shallow water. 

NORTHERN COAST OF EUROPE 

The bottom beneath Barents Sea is not generally considered to be a 
part of the continental shelf because most of it is at a depth of 100 fathoms 
or more, but its separation from the deep ocean by an abyssal continental 
slope shows it to be truly a part of the continental shelf. Also its depth 
is no greater than that of many other shelves off glaciated coasts. 

Sand occurs along much of the inner portion of Barents Sea and ex- 
tensive areas of rock bottom are reported off Nova Zembla. The north- 
western coast of Norway is bordered by a large area of clay-silt sand, and 
gravel, an association which has proven to be especially characteristic off 
glaciated coasts. Clay-silt predominates in deeper water and contains 
pebbles at some places.‘* Ooze has been reported in some of the deeper 
portions of the sea. One area of ooze adjacent to rock bottom south of 
West Spitzbergen is of special interest. 

The wide distribution of fine sediment on this deep shelf may be ex- 
plained by the great depth of the water and by the fact that the surface 


4. B. Bissett: Sediments from Barents Sea and the Arctic. Trans. Edinburg Geol. 
Soc., vol. 12, 1930, p. 207. 
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of the sea is frozen throughout much of the year; under these conditions 
the fine materials derived from the rivers of northern Russia are allowed 
to settle. The North Atlantic drift, however, which moves actively along 
the north coast of the Scandinavian Peninsula and continues eastward to- 
wards Nova Zembla seems to be sufficient even under a cover of ice to 
keep the fine sediment from settling onto those areas which are sandy 
or contain patches of rock bottom. 

The shelf off the northern unglaciated coast of Siberia, which is not 
included in the maps, is reported to be covered almost entirely by fine 
sediments. The greater amount of coarse sediment in the Barents Sea 
is probably the result of glaciation. 


LANDLOCKED GULFS 

General statement.—Having examined the nature of the sediments on 
the open continental shelves where waves and currents are important fac- 
tors, we might see what types of sediment are reported from landlocked 
bodies of water where relatively quiet conditions prevail. Under these 
conditions one might expect to find an outward decreasing gradation of 
sediment, but the chart of Hudson Bay shows a helter-skelter mixture of 
coarse and fine material with no relation to the shore; the charts of the 
Baltic, containing much more information, also show a lack of orderly 
arrangement. Since each of these landlocked seas was recently filled with 
glaciers, it appears probable that postglacial sedimentation has not yet 
buried the glacial débris. Outside of glaciated territory there are vari- 
ous enclosed seas that might be considered. The sediments of one of 
these, San Francisco Bay, have been studied by Louderback ** and he 
reported that “. . . the finest sediments (muds) are mostly inshore 
and in shallow water, the sands are mostly in intermediate depths, and 
the stones and gravel are best developed in the deepest part of the Bay.” 
As sedimentation conditions in this bay are much influenced by the strong 
currents which come in and out of the Golden Gate, the distribution is 
not surprising. There remain to be considered at least two seas, the 
Gulf of Venezuela and the Persian Gulf, which should have conditions 
favorable to an orderly outward decreasing gradation. 

Gulf of Venezuela.—A fairly detailed chart of the Gulf of Venezuela 
has recently been prepared by the Hydrographic Department of the 
United States Navy. The center of the gulf is evidently covered almost 
completely by fine sediment,’® while coarser material occurs around the 


1G. D. Louderback: Nat. Res. Council, Report Committee on Sedimentation for 1924, 
p. 62. 

1% An analysis of a sample of sediment in the Gulf of Venezuela by Trask (op. cit.. 
p. 33) showed that it was clay. 
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coast. On the outside, where the North Equatorial current and the 
waves of the open Carribean Sea are effective, the sediments are coarser 
than in the interior of the gulf and are arranged in irregular patches. 
This arrangement is somewhat similar to that occurring in the Yellow 
Sea except for the coarser sediment along the greater part of the coast 
of the gulf. 

Persian Gulf.—The sediments of the Persian Gulf have been plotted 
on a rather large scale with very little generalization, and the small circular 
areas represent a single record. There is little suggestion of any sedi- 
ment gradation. Clay-silt is the dominant type of sediment, but sand 
is also abundant and rock bottom is reported at many places. There are 
also patches of gravel, some of them in proximity to the rock. Clay-silt, 
probably derived from the Tigris Euphrates rivers and to a less extent 
from small rivers draining the highlands to the northeast, occurs prin- 
cipally in the upper part of the gulf and on its northern and eastern sides. 
The sandy deposits on the western side of the gulf are probably com- 
posed at least in part of material picked up by the summer monsoons 
from the low desert shore to the west. 

The areas of rock bottom occur in parts of the gulf where the sub- 
marine topography is very irregular and in some places in depressions 
with 40 or 50 fathoms of water. They do not appear to be related to 
the numerous salt domes which form small islands and shoals in the 
southern portion of the gulf. Possibly they represent areas of coral 
bottom. 

SHELVES OFF LARGE RIVERS 

The discussion of the features of the various sediment maps shows that 
the distribution is related to the character of the shore, and this is partic- 
ularly striking off the large rivers. About two-thirds of the clay-silt 
areas on the open continental shelves occur adjacent to large rivers. 
Trowbridge has shown that most of the coarse sediment of the Missis- 
sippi ‘’ is deposited on the bars at its mouths, and this is doubtless true 
of other streams. “Mud” bottom is reported off most large rivers and 
several samples examined by Trask ** consisted of clay. Coarse sedi- 
ment, however, occurs near the outer margin of the continental shelves 
off most of the large rivers of the world, for example, in South America 
the San Francisco, the Parana-Uruguay, the Amazon, and the Orinoco; 
in Asia the Indus, the Irawadi, the Salwin, the Me-nan, the Me-kong, 
the Yang-tze-kiang, the Whang-ho, and the Amur; in Europe the Garonne 


174. C. Trowbridge: Op. cit., p. 892. 
18 Parker Trask: Op. cit.. p. 33. 
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and the Elbe; and in North America the Mississippi, as well as many 
smaller streams. Off most other large rivers, either the observations are 
inadequate or the sediment is patchily arranged. 

It is suggested that the coarser sediments on the outer portion of the 
shelves are of an older generation than the finer ones near shore and that 
they are probably related to the lowered sealevel of the Pleistocene period. 
Trowbridge’s analysis of sediment from knolls some 20 miles out beyond 
the present Mississippi delta showed that this material was not derived 
from the present river, but resembled glacial material.*® It seems likely 
that this sediment was carried to the gulf when the Mississippi was 
draining the melting glaciers. 

Even though the outer sediments are of an earlier generation, the lack 
of a cover of modern sediments and their coarseness, which is greater than 
that of sediments deposited by the modern rivers, remains to be explained. 
The turbid condition of the ocean for many miles off such large rivers 
as the Amazon and the Hwang-ho accentuates the first difficulty. Trask 
has suggested that currents prevent the deposition of fine materials on 
portions of the ocean bottom off California,” and current action appears 
to be the most likely explanation for the absence of a complete cover of 
fine sediments on the shelves beyond the large rivers. Strong currents 
have been observed off such large rivers as the Amazon, the Indus, the 
Mississippi, and many of the rivers of eastern Asia. The increased veloc- 
ity of the ocean currents over submarine hills might be particularly 
effective in preventing the deposition of fine material. 

During the glacial epochs, when the sealevel was lowered, the rivers 
must have flowed out across most of the continental shelves probably 
forming some of the deposits now found on the outer portion of the 
shelves. Many of the rivers may have been more powerful than at present 
because of greater precipitation during the glacial period and in some 
cases because of glacial drairage. The result would have been coarser 
sediment at the river mouths. It is also possible that some of the sediment 
was locally derived from bedrock or ancient sediments. With lowered 
sealevels these older deposits or bedrock may have been exposed by erosion, 
and new sediments have been formed from the débris of the older exposed 
formations. Certain areas of coarse sediment may mark the position of 
former ridges which were completely truncated during the low-level stages. 


# A. C. Trowbridge: Disposal of sediments carried to Gulf of Mexico by Southwest 
Pass, Mississippi River. Bull. Geol. Soc. Am., vol. 38, 1927, p. 148. 


20 Parker Trask: Op. cit., p. 32. 
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BAYS, ESTUARIES, AND LAGOONS 


Almost all of the bays and harbors of the world where the waters are 
protected from waves and currents have floors mantled with silt and clay 
whether important rivers enter them or not. In large bays and gulfs the 
sediments are not as uniform, but are largely of fine texture. On the 
other hand, coarse sediment and even rock bottom are reported from those 
estusries which were occupied by glaciers during the Pleistocene period. 


SHELVES OFF GLACIATED COASTS 


Maps 1, 6, 9, and 10 include shelves off coasts that have been glaciated 
and are covered by a diversity of sediment, of which combinations of clay, 
sand, and gravel are conspicuous and characteristic. Large amounts of 
fine sediment are reported from these shelves probably because they are 
deeper than other shelves. Many boulders have also been dredged from 
the fishing banks off the glaciated coasts. This combination of sediments 
suggests ice transportation. Were the coarser elements of the sediment 
introduced by ice rafting at the present time, or are they of glacial 
age? That they are not Recent is suggested by the presence of these 
erratic boulders off Great Britain, where floating ice is rare at present, and 
by their apparent absence off such ice-carrying rivers as the Yukon, the 
Lena, the Kolyma, and the MacKenzie. Evidently the distribution of 
these boulders is connected with glaciation, either in the form of iceberg 
deposits or direct deposition under the ice. The topography of the shelves 
off glaciated regions suggests that the glaciers encroached onto them, pro- 
ducing large amounts of erosion. The association of clay, sand, and 
gravel, a combination common to most glacial moraines, adds substantial 
evidence that parts of the shelves were glaciated. 

If the gravel deposits of the continental shelves date back to the glacial 
period, it is obvious that recent sedimentation has been very slight. 
Raymond and Stetson found that fine sediment is being carried along the 
bottom of Massachusetts Bay without deposition,” so that lack of shelf 
deposition does not necessarily indicate that the quantity of sediment 
carried into the sea since the glacial period has been small. 


NARROW SHELVES 


The shelves off some coasts are so narrow that they furnish little in- 
formation of value. Along some montainous coasts and a few low coasts 
the charts of the narrow shelves contain enough observations to make con- 
clusions possible. The outward decreasing gradation of sediment is more 


21 Pp, E. Raymond and H. T. Stetson: Science, n. ser., vol. 73, 1931, pp. 105-106. 
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common on these narrow shelves than on the wider ones. Probably the 
narrowness of these shelves has allowed the sediment to be distributed 
across the whole width in recent times, whereas the sediments on the wide 
shelves have not yet become adjusted to present conditions. 

At those places where the narrow shelves lack outward decreasing 
gradation there is commonly a submerged ridge extending along the shelf 
around which coarse sediment occurs and on top of which there are areas 
of rock bottom. Apparently these ridges, some of which are extensions 
of topographic features on land, are composed of consolidated rock. 


CONCLUSIONS 

The most outstanding feature of the sediments on the continental 
shelves is the general scarcity of outward decreasing gradation of texture. 
This generalization based on the data presented on the hydrographic 
charts of the shelves has been checked by the observations and mechanical 
analyses of geologists in so many places that it is well established. Sedi- 
ments show an outward decreasing gradation along some coasts, but prin- 
cipally where the continental shelves are narrow. The broad shelves have 
for the most part a patchy arrangement of sediment without any apparent 
relation to either the shoreline or the other edge of the shelf. 

Sand is the most abundant sediment reported from the continental 
shelves, preponderating over the other types off most mountainous coasts, 
off lowland coasts where large rivers are absent, and on portions of the 
shelves where there are strong currents. Clay and silt also cover large 
areas and are generally found off large rivers on the open shelves, in en- 
closed bays, and in the deeper depressions of the shelves. Gravel, boulders, 
and other coarse sediments are found commonly off glaciated coasts, also 
around submarine ridges, and in a surprisingly large number of places 
along the outer margin of the shelves. 

Tentative explanations for this distribution of the sediment are offered 
as follows: 

1. The lack of outward decreasing gradation of the sediment appears 
to be due to the development of coarse sediment on the outside of the 
shelf when the sealevel was lowered by the accumulation of ice on the 
land in the form of Pleistocene glaciers. Part of the coarse outer sedi- 
ment may have been supplied by the more powerful rivers which are 
thought to have characterized the glacial epochs, and part was probably 
derived from ledges underlying the continental shelves. 

2. The coarse sediment outside has not been covered by the finer sedi- 
ments of later generation because of the strong currents which sweep 
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along or across the shelves in so many places. Where depths outside are 
shallow, the waves have no doubt cooperated towards this result. 

3. The abundance of coarse sediment on the shelves off glaciated coasts 
lends support to the idea that extensive portions of the shelves have been 
glaciated, an idea that is based primarily on the nature of the sub- 
marine topography. 

4. The gravel patches far out from shore off unglaciated coasts and the 
numerous reports of rock bottom (see introduction for the significance of 
this designation ). combine in giving the impression that the continental 
sheves have in general a rock foundation covered by a relatively thin 
veneer of sediment. 


CONTINENTAL SHELF CONDITIONS RELATED TO STRATIGRAPHY 


The idea that sediments grow coarser as the shoreline is approached 
receives little support from the situation on the continental shelves, but 
the coarser sediments reported in so many cases outside appear to be of an 
earlier generation than the finer inside, so that we can not safely assume 
that the evidence tends to invalidate the gradation principle which is 
so current in the literature of stratigraphy. The shelf sediments do 
suggest, however, that a coarsening of sediments may be caused by a local 
source rather than by an approach to the main shoreline. Also the evi- 
dence of the lack of sedimentation on much of the shelf since the last 
glacial epoch may throw light on some stratigraphic problems. The same 
conditions which are now conducive to nondeposition and even to erosion 
on the continental shelves may have led to the development of many of 
the nondepositional disconformities and even to some of the erosional un- 
conformities of the past. Detailed analytical studies of the shelf sedi- 
ments should lead to many other lines of attacking the problems of the 
ancient sediments. 
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INTRODUCTION 


This paper is the result of a study of the geology and paleontology of 
an area in the business district of the city of Los Angeles, California. 
During the last two decades the rapid growth of the city has resulted in 
obscuring a large number of former surface exposures of the Tertiary 
formations, so that it seems advisable to put on record as soon as pos- 
sible information obtainable now, but which might be unavailable later 
on. Fortunately for the geologist, building operations have now and 
then resulted in excavations revealing the underlying geologic structure 
and the fossil faunas more clearly than do the natural outcrops. In the 
area covered by this report many building excavations and street embank- 
ments were utilized in working out the geology, and at a few points rich 
molluscan faunas were made available to us by several collectors. 


1 Manuscript received by the Secretary of the Society, October 15, 1932. 
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LOCATION AND GENERAL DESCRIPTION 


The area considered in this report and included in the accompanying 
map (figure 1) comprises a very small portion of the northwestern part 
of the Los Angeles basin. The map covers an area of a little less than 
9 square miles of the business and older residential section of the city 
of Los Angeles. Geologically, it is located on the south flank of the 
Elysian Park anticline, which is the principal structural feature in this 
portion of the basin. The Miocene and Pliocene sediments dip in a gen- 
eral southerly direction throughout the area mapped. They are partly 
overlain and obscured by nonmarine terrace material capping some of 
the hills and by alluvium in the bottoms of the valleys and on the plain 
which extends westward from the Los Angeles River into the eastern and 
across the southern parts of the area. Physiographically, the region is 
one of gentle and low relief, with more or less flat-topped hills separated 
by small valleys. The hills probably represent remnants of a dissected 
mesa or plain of subaerial denudation. Much of the geology is now com- 
pletely hidden by paving, retaining walls, and buildings, though on the 
slopes of some of the hills, in some of the street-cuts, and in occasional 
building excavations, the structure is well exposed. 
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Dr. F. C. Clark, of Santa Monica, loaned a collection of fossils ob- 
tained by him from the excavation for the foundation of the Bible In- 
stitute Building on Hope Street, just southeast of the Los Angeles Pub- 
lic Library. Messrs A. M. Strong and George Willett assisted in some 
of the identifications. 

To all these individuals we express appreciation of their cooperation. 


Previous Work 


In 1895 and 1896 Watts investigated the “Oil and gas yielding forma- 
tions” in southern California as field assistant of the California State 
Mining Bureau. His report,? issued in 1897, contains some brief re- 
marks on the geology of this region and a list of fossils (identified by Dr. 
J. G. Cooper) which were obtained from several localities in and near 
the city of Los Angeles. In the area included in the present report, he 
considered the inclined strata below the nearly horizontal terrace deposits 
as Pliocene in age, including some diatomaceous shale which is now con- 
sidered as belonging to the Miocene. The small faunas listed from two 
of his localities are mentioned on a later page. 

A few years later, during the construction of the Third Street Tunnel, 
some fossils were encountered which Dall * considered as “probably Plio- 
cene” in age. Shortly after this correct age determination by Dall, 
Stearns * announced the discovery by Homer Hamlin, then assistant city 
engineer of Los Angeles, of a species of “Radiolites’” which Stearns de- 
scribed as “Radiolites H/amlini,’ giving the age as Cretaceous. Later, 
this supposed Mesozoic pelecypod was discovered to be a turbinolid coral 
and a barnacle, so that the evidence for the Cretaceous age of the beds, 
including the fossils, was invalidated. 

The first fossil bird reported from California was based upon an in- 
complete humerus obtained from the Third Street Tunnel and described 
as Mancalla Californica by Lucas in 1901.° 

In 1906 Ralph Arnold reported * the Third Street Tunnel beds as of 


2W. L. Watts: Oil and gas yielding formations of Los Angeles, Ventura, and Santa 
Barbara counties. California State Min. Bur., Bull. 11, 1897. See especially pp. 1-2, 
also lists of fossils on pp. 79-81. 

3W. H. Dall: Nautilus, vol. 14, no. 2, June, 1900, p. 15. Lima hamlini Dall is de- 
scribed on p. 16. 

*R. E. C. Stearns: Science, n. s., vol. 12, no. 294, Aug. 17, 1900, pp. 247-250. 

5F. A. Lucas: Proc. U. 8. Nat. Mus., vol. 24, 1901, p. 133. 

6Ralph Arnold: U. S. Geol. Survey, Prof. Pap. 47, 1906, p. 26. 
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Pliocene age, and in 1907 he described * two new forms and listed ten 
other specifically identified fossils associated with them. 

The most significant previous geologic report published on this area 
was included in the report by Eldridge and Arnold on the Santa Clara 
Valley, Puente Hills, and Los Angeles Oil Districts. In this paper 
Arnold mapped all the strata here referred to the Pliocene and the 
uppermost Miocene as “Fernando formation” of Pliocene age, the Fer- 
nando beds of the Third Street Tunnel being considered lower Pliocene. 
One of Arnold’s geologic structure sections ® crosses the area included in 
the map accompanying the present paper, the exact location of Arnold’s 
sec ion being readily determinable by the location of the “State Normal 
School,” which formerly occupied the present site of the Los Angeles 
Public Library. This structure section illustrates the southward dipping 
sediments but not the unconformities nor what is now believed to be the 
correct Miocene contact, since the nature of the investigation was such 
that only the major and more important features could be shown. 

In 1913 an excavation for the foundation of the Broadway Department 
Store Building on the south side of Fourth Street at Broadway uncovered 
a rich marine molluscan fauna, which was studied by Moody and formed 
the basis of an important paper.*® Moody listed approximately 130 
specifically determined Mollusca with a few species belonging to other 


phyla. He described 12 species of Mollusca as new, some of which are 
now believed to be synonyms of earlier described species. Moody con- 
cluded from an analysis of the fauna that it represented the “later phases 
of the middle Fernando,” being “probably somewhat older” than the 
“Pliocene” of Deadman Island near San Pedro, California (now called 
Timms Point Formation ™), but “equivalent in time of the lower hori- 
zons of the San Diego formation.” '* Moody’s assigning too great an 


7Ralph Arnold: Proc. U. S. Nat. Mus., vol. 32, June 15, 1907, pp. 527, 536-538; also 
listed in Eldridge and Arnold, U. S. Geol. Survey, Bull. 309, 1907, p. 152. 

8G. H. Eldridge and Ralph Arnold: The Santa Clara Valley, Puente Hills, and Los 
Angeles Oil Districts. U. S. Geol. Survey Bull. 309, 1907. The part on the Los 
Angeles City region was written by Ralph Arnold alone. See especially pls. 18 (geologic 
maps) and 20 (structure sections) and p. 152 (list of fossils). 

* Op. cit., p. 120, section E-F. 

1 C, L. Moody: Fauna of the Fernando of Los Angeles. Univ. California Bull. Dept. 
Geol., vol. 10, no. 4, Oct. 11, 1916, pp. 39-62, pls. 1, 2. 

1. S. Grant and H. R. Gale: Mem. San Diego Soc. Nat. Hist., vol. 1, Nov. 3, 1931, 
p. 37, “Timms Point zone”; Alex. Clark: Trans. San Diego Soc. Nat. Hist., vol. 7, no. 4, 
Dec. 19, 1931, p. 37, “Timms Point formation.” 

12 Moody did not state definitely what he meant by “lower horizons” of the San Diego 
formation. He seems to have used the faunal lists published by Dall (Proc. California 
Acad. Sci., vol. 5, 1873, pp. 296-299: Proc. U. S. Nat. Mus., vol. 1, 1879, pp. 10-16, 
26-30), and by Arnold (Mem. California Acad. Sci., vol. 3, 1903, pp. 60-64) based upon 
collections from the San Diego well, which was in what is now known as Balboa Park, 
and from Pacific Beach, several miles to the northwest. 
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age to these beds may be due in part to the rather confused ideas of the 
Pliocene correlatives current at that time. There is no question about 
the identity of Moody’s faunal horizon and the Edison Building and the 
Richfield Building faunal horizon, which is definitely upper Pliocene 
and, in our opinion, much vounger than the greater portion, if not all, 


of the San Diego formation. 

In 1919 the late Prof. James Perrin Smith published a classic paper ' 
which included correlation tables and much important information on 
Tertiary faunas. The Third Street Tunnel deposits were placed in the 
“Fernando,” upper part of the lower Pliocene, and believed to be equiva- 
lent to the Pliocene at Fugler’s Point in the Santa Maria region, and 
the Fernando of Elsmere Canyon, but older than the San Diego forma- 
tion of San Diego. The very meager fauna of the Third Street Tunnel 
was considered along with the Pliocene of Fernando Pass and Elsmere 
Canyon to indicate a marine temperature of about 66 degrees Fahrenheit. 
Unfortunately, the species known from the Third Street Tunnel strata 
are not very diagnostic, but they are believed by us to be of middle Plio- 
cone Age, 

In a recent paper on the Pliocene and Pleistocene Mollusca of Cali- 
fornia by Grant and Gale."* the Third Street Tunnel fauna was consid- 
ered to indicate the lower part of the upper Pliocene, being older than 
the Fourth Street fauna of Moody and the Santa Barbara beds with a 
cold-water fauna, but younger than the main part of the San Diego 
formation at San Diego and what appears to be in part its equivalent at 
Temescal Canyon near Santa Monica. The paper by Grant and Gale in- 
cluded also records of a number of species from the “lower part of the 


upper Pliocene” at Fifth and Hope Streets, Los Angeles. 


LItHoLoGy 
MIOCENE 


The oldest rocks exposed in the area under discussion consist of about 
2,500 feet of upper Miocene sediments, the lower part of which Arnold 
called the Puente formation.'® It is believed that the Puente formation, 

J, PL Smith: Climatic relations of the Tertiary and Quaternary faunas of the Cali- 
fornia Region, Proce. California Acad. Sci., ser. 4, vol. 9, no. 4, July 12, 1919, pp. 123- 
173, pl. 9. See especially pp. 141, 149. 

4 U.S. Grant and H. R. Gale: San Diego Soe, Nat. Hist.. Mem., vol. 1, 1931, pp. 40, 61. 

6 The Puente formation was first deseribed by G. H. Eldridge in U. S. Geol. Survey 
Bull. 309, 1207, p. 108. Its typical exposures in the Puente Hills were later described 
in detail by Walter A. English, Geology and oil resources of the Puente Tlills region, 
southern California, U. S. Geol. Survey Bull. 768, 1926, pp. 26-39, 
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at least at this locality, is largely equivalent to the Modelo formation ** 
in the Santa Monica Mountains and also the Modelo formation in the 
Ventura basin. The complete section of the Miocene of this region ex- 
tends considerably beyond the north margin of the map (figure 1). Just 
north of the zone of flexure or faulting which is approximately parallel 
to the north boundary of the old Los Angeles oil field, shown near the 
north margin of the map, the strata consist essentially of fine-grained 
sandstones and sandy shales, in part thinly bedded but including some 
thick-bedded sandy layers. Some of the shales are typical clay shales, 
but often they contain very thin sandy layers. These lower, somewhat 
sandy beds are to some extent gypsiferous, the gypsum occurring some- 
times as a cement between the grains and sometimes as vein fillings in 
cracks, joints, and in the bedding planes where it has been concentrated 
by subsurface water. Toward the top of the Miocene section sandstones 
are less common and thin-bedded shales, generally silicious, make up the 
bulk of the rock. At the very top of the Miocene section in this area 
there is a zone from 20 to 50 feet or more thick of white or very light 
gray laminated diatomaceous shale, rather soft and punky in places and 
sufficiently pure in some of the exposures to be classed as diatomite. This 
white, or very light gray zone is a conspicuous feature wherever it is ex- 
posed, and in the field it can be traced very readily across the area in a 
nearly straight line by alignment of the outcrops. At only a few places 
was it observed to have become impure diatomaceous shale. It outcrops 
conspicuously on both sides of the south portal of the Hill Street Tunnel, 
at the corner of Olive and First Streets, at the intersection of Hope and 
Second Streets and on Boylston Street south of Maryland Street. At all 
of these places it contrasts strikingly with the beds above and below. A 
much thicker development of diatomite and diatomaceous shale outcrops 
in the San Pedro Hills on the south edge of the Los Angeles basin, and 
also east of the Los Angeles River between South Pasadena and Newton 
Park. It is probable that these thicker beds represent about the same 
stratigraphic position as those herein described. The diatomite is prob- 
ably a shore phase of deposition, for it seems to grade laterally away from 
the margins of the basin into impure diatomite and diatomaceous clay 


16 Also originally described in the report by Eldridge and Arnold, 1908. The Modelo 
formation has been carefully described in the following more recent papers; W. S. W. 
Kew: Geology and oil resources of a part of Los Angeles and Ventura counties, Cali- 
fornia. U.S. Geol. Survey Bull. 755, 1924, pp. 55-69; F. S. Hudson and E. K. Craig: 
Geologic age of the Modelo formation, California. Amer, Assoc. Petrol. Geol., Bull., 
vol. 13, no. 5, May, 1929, pp. 509-518; H. W. Hoots: Geology of the eastern part of the 
Santa Monica Mountains, Los Angeles County, California. U.S. Geol. Survey Prof. Pap. 
165-C, 1931, pp. 101-115. 
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shale. It represents, in its typical development, deposition in shallow, 
quiet water which was not receiving any important amount of clastic 
material, and was probably formed in an environment similar to that in 
which diatom deposits are accumulating today.1” 

The weathered portions of some of the sandy beds in the lower part 
of the Puente section are stained a faint purple or chocolate-brown color, 


Figure 2.—Thin bedded, sandy Puente Shales 


The locality is an exposure in an exeavation on North Spring Street, northeast of Hall 
of Justice, Los Angeles 


which, as explained by Arnold, may be due to the former presence of 
petroleum which has been oxidized through exposure to the air. 

In no part of this Miocene series of sediments were molluscan fossils 
found by us, though horizons that may be equivalent in other parts of 
the basin have yielded casts and molds. 


PLIOCENE 


Overlying the laminated diatomite and diatomaceous shale which is 
now believed to represent the upper limit of the Miocene strata there 


17 Frank Tolman, in a verbal communication, states that diatomite is forming on mud 
flats along the shores of Tomales Bay, north of San Francisco Bay, 
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occurs a series of marine Pliocene sedimentary rocks which, in this area, 
have an average exposed stratigraphic thickness of about 1,000 feet. 
Lateral thinning of the beds, probably due to overlap or small diastems, 
accounts for different thicknesses along different sections. The thick- 
ness appears to become less toward the west. The uppermost beds of the 
Pliocene are concealed beneath alluvium. The Pliocene rocks consist 


Ficure 3.—Steeply-dipping diatomite Beds which Mark the Top of the Miocene 
=xposure at Corner of First and Olive Streets, Los Angeles 


essentially of silty and sandy shales of a buff to olive gray and brownish 
gray color, with a few thin layers of conglomerate, small pebbles, and 
fragments of molluscan fossils. The rich molluscan fossil zone near the 
top of the exposed section consists in places of about 30 to 40 per cent 
broken and unbroken calcareous shells. Foraminifera occur rather 
abundantly throughout much of this Pliocene series.'* 

Although the change from the Miocene diatomite to the Pliocene silty | 
shale is rather abrupt, there is a slight gradation which may represent : 
a reworking of the diatomite by currents during the deposition of the 
first of the overlying beds. 


18 W. H. Holman, A. Ferrando, and H. L. Driver: Manuscript. f 
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TERRACE DEPOSITS AND ALLUVIUM 


A terrace deposit of yellowish gray to reddish brown sand and gravel a 
few feet to about 40 feet thick, gently inclined southward, overlies the 
truncated edges of the more steeply inclined Miocene and Pliocene strata 
and caps the top of some of the hills within the area mapped. Much of 
this terrace deposit has been removed or obscured by grading, street 
work, and buildings; but where it remains and is exposed, it seems to be 
confined to hilltops which reach or exceed an elevation above sealevel of 
about 275 feet in the southwest corner of the area to about 425 feet in 
the north. The isolated occurrences probably represent the remnants 
of a once continuous surface which existed before recent stream erosion 
began the work of dissection. 

In a few cuts the terrace material can be seen to be made up, in part, 
of small stream channel deposits, though they are a very minor part of 
the whole. No molluscan fossils were found in any part of this terrace 
deposit, nor were any other marine organisms obtained from it by Messrs. 
Holman, Ferrando and Driver, who made a careful study of the foramini- 
fera in the underlying Pliocene strata. Thus the nonmarine character 
of the terrace material seems well established. The uniform, gentle 
inclination of the terrace would suggest that it is younger than the mid- 
Pleistocene orogeny *® which is believed to have been a time of important 
deformation in many parts of Southern California. It may be equiva- 
lent to the Inglewood terrace, as suggested by Holman, Ferrando, and 
Driver, and also to the Santa Monica Plain west of this area, recently de- 
scribed by Hoots.” The latter is composed of continental piedmont 
deposits overlying marine fossiliferous fine sands which are definitely 
known to be upper Pleistocene in age. 

No attempt was made to study the alluvium in the valleys nor that 
on the plain in the eastern and southern portions of the map. Most of 
the latter has been covered by streets and buildings, but it must be younger 


than the terrace deposit. 
STRUCTURE 


The general structure of the Tertiary rocks in the area mapped (see 
fig. 4) is that of a southward dipping monocline. This monocline is in 
reality a portion of the southwest flank of a large, elongated, closed anti- 


2, S. Grant and H. R. Gale: Mem. San Diego Soe. Nat. Hist., vol. 1, 1931, p. 37. 
20H, W. Hoots: Geology of the eastern part of the Santa Monica Mountains, Los 
Angeles County, California. U. S. Geol. Survey Prof. Pap. 165-C, 1931, p. 130. 
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cline or dome which Arnold *' called the Elysian Park anticline. The 
axis of this fold is 2 to 3 miles north of the area herein described and has 
a trend of about north 68 degrees west. The prevailing strike of the 
strata in the area mapped is nearly east-west, because of the southeast 
plunge of the major fold in that locality. 

Northwest of the mapped area there are several flexures, all having an 
approximate east-west trend. These parallel anticlines and synclines 
represent secondary folding on the southwest flank of the Elysian Park 
anticline, and they all die out toward the east, in the vicinity of Echo 
Park. Most of these features are indicated on the small-scale maps and 
sections accompanying the report by Arnold ** on the Los Angeles Oil 
District. 

The structural monotony of the monocline is broken by abrupt changes 
of dip at a zone of flexure or faulting in the Miocene rocks and at sev- 
eral unconformities shown on the accompanying map and section. Along 
the north boundary of the Los Angeles Oilfield in the northern part of 
the area there is a narrow zone within which the dips of the strata are 
sharply steeper than those of the beds to the north or south. Unfortu- 
nately this important zone of flexure is not so well exposed within the 
area mapped as it is to the cast and west of the area. Traced eastward 
across the area, this narrow but sharp flexure is seen to be offset slightly 
to the north at Sunset Boulevard. The offset may be caused by a north- 
south fault of small throw, as suggested Ly Arnold, but the existence 
of such a fault has not been positively determined because the rock ex- 
posures at this locality are not very good. 

A short distance west of the western edge of the area, on South West- 
lake Avenue between Miramar and Valley Streets in a low embankment, 
on the east side of the street, there is a good exposure of the Miocene 
strata which shows clearly the zone of sharp flexuring described above 
(see figure 5). 

East and somewhat north of the mapped area, at the corner of Adobe 
and Bernard Streets, a short distance north of the mouth of Chavez 
Ravine, this zone of disturbance is again clearly exposed. At this 
locality it consists of a narrow, steep anticlinal fold along the south side 
of a fault. The evidence here suggests that along parts of this zone the 
strata are faulted and folded and that the fault passes laterally into a 
sharp monoclinal flexure toward the west. No core data are available 


2G. H. Eldridge and Ralph Arnold: U. S. Geol. Survey Bull. 809, 1907, pls. 18-20, 
22Tdem, p. 155. 
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from any of the wells in the old Los Angeles Oilfield, and the writers 
have been limited to the data contained in Arnold’s report ** for such 
subsurface data as may have a bearing on the structure of the area under 
consideration. A few wells are located slightly north of the zone of steep 
dips along the north boundary of the Los Angeles Oilfield. According 
to Arnold, some of these wells drilled through a faulted zone and en- 
countered the productive oil sands below the fault, which indicates that 


Figure 5.—Outcrop of Puente Shale 


Showing sharp flexure, probably faulted. The locality is on the south side of South 
Westlake Avenue between Miramar and Valley Streets, Los Angeles. 


the fault dips to the north. Since the surface geology clearly shows the 
north side to be upthrown, it is probable that the fault is of the thrust 
type. This is an interesting structural feature in that it represents a 
high-angle thrust fault, on the south side of which the oil has been 
trapped as it migrated northward up the dip in the porous sandy strata 
that underlie the shales. The oilsands, which exhibit strong stainings 
of oxidized oil, outcrop a short distance north of the zone of faulting or 
flexure. 


23 Op. cit. 
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On the map and section we have indicated an unconformity between 
the top of the diatomite (Miocene) and the overlying Pliocene silty 
shales. At no place in the area is it possible to see a definite angular 
unconformity at this horizon but from occasional slight changes in dip, 
from the somewhat broken nature of the lowest Pliocene strata, and from 
the abrupt change in lithology we have concluded that a slight erosional 
unconformity, or possibly a slight angular unconformity, may exist at this 
horizon. The diatomite is a very conspicuous lithologic horizon and 
may be easily traced and mapped across the area. The narrow zone of 
gradation between the diatomite and the overlying Pliocene shale is not 
more than might be due to the reworking of the material eroded from 
the Miocene along a shoreline. The abrupt change in sedimentation 
represented by the passage from diatomite to silty shale must mean a 
correspondingly sudden change in conditions which could be explained 
most logically by a slight diastrophic movement, the effects of which 
are more pronounced in other localities around the edges of the Los 
Angeles basin, and in other nearby basins.** However, the great angular 
unconformity so frequently mentioned as existing between the California 
Miocene and Pliocene is certainly not present at this locality. There 
seems to have been a tendency to overesiimate the importance of some of 
the unconformities in the Neocene of California.2® Between beds which 
are here classified by the writers as lower Pliocene and middle Pliocene 
a distinct angular unconformity exists. This is clearly seen in the field 
by a sudden change in dip from 60 to 65 degrees north of the uncon- 
formity to dips of about 30 to 35 degrees in adjacent beds to the south. 
According to Holman, Ferrando, and Driver,”* it also can be readily 
detected by the absence of certain foraminiferal zones which occur in 
more complete sections of Pliocene strata in other parts of the Los 
Angeles basin. 

The unconformity between the middle and upper Pliocene ** is not so 


24A slight diastrophic movement seems to have taken place at about the beginning 
of Pliocene time in the Ventura basin, California. See U. S. Grant and H. R. Gale: 
Mem. San Diego Soc. Nat. Hist., vol. 1, 1931, p. 29. 

2R. D. Reed: The Post-Monterey disturbance in the Salinas Valley, California. Jour. 
Geol., vol. 33, no. 6, 1925, pp. 588-607. 

2 Ww. H. Holman, A. Ferrando, and H. L. Driver: Unpublished manuscript on the 
Pliocene of a part of Los Angeles. 

27This contact between the middle and the upper Pliocene was determined by Hol- 
man, Ferrando, and Driver on foraminiferal evidence, the slight angular unconformity, 
and the presence of a conglomerate layer. The present authors accept this division 
between middle and upper Pliocene, though they have not seen any significant molluscan 
fossils stratigraphically close to either side of the unconformity. A tripartite sub- 
division of the Pliocene seems to be convenient and natural in this area, though it may 
not be so in all other localities. 
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discordant in dip as that between the lower and middle Pliocene, the 
difference being 5 to 10 degrees. The overlying beds have dips ranging 
from 15 to 20 degrees and are separated from those below by a thin bed 
of conglomerate (see figure 6). Other good exposures of this conglom- 
erate have not been found by us, and therefore its significance depends 
largely on the micropaleontological evidence described by Holman, Fer- 
rando, and Driver, whe have determined that the foraminiferal faunas 


Ficcure 6.—Thin Conglomerate Bed marking Unconformity between Middle and Upper 
Pliocene 


Exposed in parking station on west side of Hill Street between Third and Fourth 
streets, Los Angeles. 


from adjacent beds on opposite sides of this conglomerate are sufficiently 
dissimilar to indicate a break in deposition. 

It is possible that other less important unconformities and diastems 
occur within the Pliocene section, particularly within the middle Pliocene, 
where a few thin conglomerate layers in the sandy and silty shales sug- 
gest some irregularities in the sedimentary record. 

The angular unconformity (see figure 7) between the gently south- 
ward tilted upper Pleistocene terrace material and the underlying trun- 
cated Tertiary rocks may represent all of lower and middle Pleistocene 
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time. The surface on which this terrace deposit rests was one of low 
relief; hence after the deposition of the youngest Pliocene sediments, 
the region must have been deformed and then deeply eroded to a rela- 
tively smooth plain before the deposition of the terrace gravels and sands. 


PALEONTOLOGY 


Since neither of the authors has studied the microfossils which occur 


Figure 7.—Pleistocene Terrace Deposits 
They rest unconformably on truncated steeply dipping Puente (Upper Miocene) beds on 
North Spring Street, northeast of Hall of Justice, Los Angeles. 
in the sedimentary rocks included in this area, the discussion of the 
paleontology deals chiefly with the megafossils. The Miocene diatomite, 
shales, sandy shales, and sandstones contain, at some horizons, numerous 
frustules of diatoms and tests of foraminifera, but no larger fossils were 
collected in this area, with the exception of a fossil leaf. It is believed 
that the approximately 2,500 feet of Miocene strata represents the upper 
part of the Miocene. According to K. Lohman, who studied some of 
the diatoms collected from the diatomite horizon, the age of these beds 
is unquestionably upper Miocene.**, In the Santa Monica Mountains a 


2.W., H. Holman, A. Ferrando, and H. L. Driver: Manuscript. 
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few miles northwest of this region, occasional beds in the Modelo forma- 
tion have yielded a meager molluscan fauna in which Pecten (Pseuda- 
mussium) pedroanus (Trask) (+P. peckhami Gabb) and Pecten (Aequi- 
pecten) cf. discus Conrad seem to be most common,”’ though the latter 
species may be almost, if not entirely, confined to sandy beds well below 
the top of the Miocene section. 

The boundary between the Miocene and the Pliocene has been placed 
at the top of the diatomite chiefly by reason of the paleontologic evidence 
afforded by the diatoms and the foraminifera, though the change in 
lithology and the suggestion of diastrophism have been considered as im- 
portant corroborative evidence. In this case the paleontologic evidence 
is believed to be more reliable than the sedimentary ‘Tecord, for at many 
places in California the upper limit of Miocene diatomaceous shale is 
well below the top of the Miocene.* 

With the exception of foraminifera very few invertebrate fossils occur 
in beds belonging to the lower Pliocene in this district. It is believed 
that the lower Pliocene strata shown in the accompanying map and struc- 
ture section are equivalent to the lower Pliocene of the Repetto Hills to 
the east of Los Angeles, recently referred to by local geologists as the 
Repetto formation. This latter formation, at its type locality in the 
Repetto Hills, contains a meager molluscan fauna which has not yet been 
critically studied. 

The Third Street vehicular tunnel, which was dug through Bunker 
Hill over 30 years ago, penetrated fossiliferous Pliocene beds, but no 
records appear to have been kept of the exact location within the tunnel 
at which the fossils were encountered. As the beds penetrated by the 
tunnel are almost entirely middle Pliocene *' and as none of the species 
reported are now believed to be restricted to the lower Pliocene, the oft- 
referred to Third Street Tunnel fauna appears to be of middle Pliocene 
age, probably the upper part of the middle Pliocene. 

In 1897 Watts ** published a small list of fossils that he had col- 
lected in the Los Angeles region. The identifications were made by 
J.G. Cooper. The following species were reported from “Shatto Estate, 


2° Specimens collected by geology students at the University of California at Los 
Angeles. Pecten discus has been reported from the Modelo formation of the Santa 
Monica Mountains by W. P. Woodring as “Pecten,” ef. P. raymondi brionianus Trask. 
See H. W. Hoots: U. S. Geol. Survey Prof. Pap. 165-C, 1931, p. 110. 

30 On the other hand, in some regions, such as in the Santa Maria Basin, diatomaceous 
shales of Miocene aspect persist well up into the lower Pliocene. 

31 Mapping indicates that the tunnel penetrated a very small thickness of the upper 
part of the lower Pliocene near the west portal. 

32 W. L. Watts: Calif. State Min. Bur., Bull. 11, 1897, pp. 79-81. 
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West Los Angeles,” which appears to have been a locality not now ex- 
posed ; it was probably near the corner of Shatto and Lucas Streets, which 
is just west of the area discussed here. 


Carcharodon rectus Agassiz = Carcharocles rectus (Agassiz) 
Cancellaria vetusta Gabb = Cancellaria tritonidea Gabb 

Crepidula grandis Midd. = Crepidula princeps Conrad 

Cryptomya californica Con. = Cryptomya californica Conrad 
Cypricardia pedroana Con. = Petricola denticulata Sowerby 

Kellia suborbicularis Montagu = Chironia suborbicularis (Montagu) 
Lucina californica Con. = Lucina californica Conrad 

Ovyrhina plana Agassiz = J/surus hastalis (Agassiz) 

Oxyrhina tumula Agassiz = I/surus hastalis (Agassiz) 

Saridomus gibbosus Gabb = Compsomyaxr subdiaphana (Carpenter) 
Standella californica Con. = Mactra (Spisula) catilliformis Conrad 


Tapes staleyi Gabb 


Venerupis (Protothaca) staleyi (Gabb) 


The names in the column on the left are those used by Cooper, and 
those in the right-hand column are what we believe to be the correct 
names in modern nomenclature. Unfortunately none of these species 
is particularly characteristic of any definite part of the Pliocene, but the 
lack of restricted upper or lower Pliocene forms and field evidence ** 
visible a short distance west of the area shown on our map suggest they 
may belong to the middle Pliocene. 

Watts also included a short list of fossils collected from the “Normal 
School, Los Angeles,” a site now occupied by the Los Angeles Public 
Library. These fossils appear to represent the upper Pliocene zone, 
the rather large fauna of which is listed by us on a later page. 

The most important middle Pliocene fauna reported from this region 
occurred in the Third Street Tunnel. The following species were re- 
ported by Arnold ** from an indefinite position within the tunnel: 


Original List Names Used in this Paper 

Arca (Arca) multicostata Sowerby 
probably Crassatellites species 
Carditoid 

Lima hamlini Dall 

Macoma species 

Ostrea vespertina Conrad 


I 


Arca multicostata Sowerby 
Astarte species 

Carditoid 

Lima hamlini Dall 

Macoma species undetermined 
Ostrea veatchii Gabb 


I 


33 Mapping done by the present writers of the area lying immediately west of the 
area included in the accompanying map shows by the strike of the beds that these fossils 
came from a horizon which corresponds to a portion of the strata which are considered 
of middle Pliocene age by Holman, Ferrando, and Driver, and by ourselves. 

* Ralph Arnold: Proc. U. S. Nat. Mus., vol. 32, 1907, pp. 527, 536-538. 
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Original List 


Pecten ashleyi Arnold 
Pecten latiauritus Conrad 


Pecten opuntia Dall 
Pecten pedroanus Trask (abundant) 


Pecten stearnsii Dall 


Buccinum species undetermined 
Fissuridea murina Carpenter 


Nassa hamlini Arnold 

Neverita recluziana Petit 
Pieurotoma species undetermined 
Priene oregonensis Redfield var. 


anyelensis Arnold 
Coral 


Bird bones 


This fauna distinctly indicates water warmer than that in which the 
It represents a horizon which in our 


upper Pliocene species flourished. 


opinion is equivalent to a part of the San Diego formation ** and probably 
equivalent to at least a part of tc Pliocene beds at Elsmere Canyon. The 
small number of determined species (only 12) makes a more accurate 


age determination rather speculative. 


The upper Pliocene fauna listed below is of more than usual interest 
and importance in that it includes a large number of determined species 


3'The coral reported by Arnold may be the species which Stearns hastily described as 
Radiolites hamlini (Science, n. s., vol. 12, no. 294, 1900, pp, 247-250), believing it to be 


a pelecypod. E,. H. Quayle, manuscript. 


%6 The bird bones reported by Arnold may be of the same species that Lucas had de- 
seribed as Mancalla californica from a specimen from the Third Street Tunnel (Proce. 
U. S. Nat. Mus.. vol. 24, 1901, p. 188. As Arnold's specimens are not available to us, 


this identification is very questionable. 


37 As this paper goes to press, Dr. Loye Holmes Miller of the University of California 
at Los Angeles announces (ms.) the identification of a bird bone collected in the San 
Diego formation (about 1/10 mile east of Euclid and Market Streets, San Diego) as 
Mancalla californica Lucas, an extinet auk, hitherto known only from the Third Street 
Tunnel beds in Los Angeles. There has been considerable controversy over the age 
of the San Diego formation. The present authors consider it of middle Pliocene age 
though it may represent a longer time interval than the middle Pliocene of Los Angeles 
City as defined in this paper. Some micropaleontologists regard the San Diego forma- 
This controversy will be discussed in a 


tion as much younger than middle Pliocene. 


forthcoming paper by L. G. Hertlein and U. S 


Names Used in this Paper 

Pecten (Lyropecten)  cerrosensis 
Gabb 

Pecten (Aequipecten) latiauratus 
Conrad 

Pecten (Pecten) opuntia Dall 

Pecten (Pseudamussium)  pedro- 
anus (Trask) 

Pecten (Janira) stearnsii Dall 

9 

Diodora murina (Carpenter in 
Arnold) 

Nassarius (?Uzita) hamlini 
(Arnold) 

Polinices (Neverita) reclusiana 
(Deshayes ) 

Pricne oregonensis var. angelensis 
Arnold 

? Stephanotrochus hamlini 
(Stearns) 85 

? Mancalla californica Lucas 26 
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from three different localities along the outcrops of a single definite 
fossiliferous horizon and in that it signifies an age in entire accordance 
with the age as determined by Holman, Ferrando, and Driver, from 
foraminiferal evidence. This faunal list includes all the species recog- 
nized from collections made in the excavation for the foundation of the 
Richfield Oil Company Building on the northwest corner of Sixth and 
Flower Streets, from the beds recently exposed on the north side of Fifth 
Street near the corner of Hope Street (opposite the Los Angeles Publie 
Library), and from the fossiliferous deposit encountered in excavating 
for the foundation of the Broadway Department Store Building on 
Fourth Street near Broadway. The latter locality vielded the fauna 
reported on by Moody.** Detailed mapping and the fossils themselves 
indicate that all three localities represent the same fossiliferous horizon. 


Fossiu List rrom THE Upper PLIOCENE oF Los ANGELES 


In this list the following abbreviations are used: R=rare; C=common; A= 
abundant; N=ranges only north of San Pedro; n=ranges mostly north of San 
Pedro; L=ranges both north and south of San Pedro; S=ranges only south of 
San Pedro; s=ranges mostly south of San Pedro; E= extinct. 


Distri- 


PELECYPODA Hope Flower Broadway bution 
Nuculana hamata (Carpenter). A L 
Pecten (‘‘Hinnites’’) multirugosus R L 
Pecten (Pecten) opuntia Dall................. aks R E 
Pecten (Pecten) hastatus hastatus Sowerby.....0 n 
Pecten (Pecten) hastatus hericius Gould........00 ... R Cc n 
Pecten (Patinopecten) healeyi Arnold..........00 R E 
Pecten (Patinopecten) caurinus Gould......... R N 
Pecten (Janira) bellus (Conrad).............. A C R E 
Pecten (Propeamussium) calamitusG.D.Hanna. ......  ...... R E 
Pododesmus (Monia) macroschisma Deshayes. . R L 
Thracta trapesoudes Conrad... See wes R N 


8 C, L. Moody: Univ. California Publ. Geol., vol. 10, no. 4, 1916, pp. 42-46. These fossil 


localities are indicated on the map (figure 1) by small numerals in cireles. @ = Rich- 
field Building locality; @ == Bible Institute locality; ™ == Edison Building locality, 
opposite Public Library; © = Moody's locality; © ==Los Angeles Public Library 


locality. 
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5th& 6thé& 


Cardita ventricosa A 
Chama pellucida Cc 
Pseudochama exogyra (Conrad).............. R 
Lucina tenuisculpta Carpenter............... Cc 

Lucina acutilineata 
Laevicardium (Trachycardium) quadragenarium 

Laevicardium (Cerastoderma) corbis (Martyn)... R. 
Laevicardium (Nemocardium) centifilosum (Car- 

Venus (Chione) succincta Valenciennes........  ...... 
Compsomyaz subdiaphana (Carpenter)........ ...... R 
R 
Transennella tantilla (Gould). ............... Cc 
Petricola cardttoides (Conrad)... 
R 
Mactra (Spisula) catilliformis (Conrad)...... 
Mactra (Spisula) hemphilli Dall.............. R 
Cryptomya californica (Conrad).............. 
Corbula (Corbula) binominata Hanna......... eee 
Sazicava arctica (Linnaeus)................-. 
Pholadidea (Pholadidea) penita (Conrad)...... 


GASTROPODA 


Retusa (Acteocina) culcitella (Gould).......... ...... R 
Conus caltforntcus Hinds. :..... A C 
Megasurcula carpenteriana carpenteriana (Gabb) 
Megasurcula carpenteriana tryoniana (Gabb)... R 


4th&  Distri- 
PELECYPODA Hope Flower Broadway bution 
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GASTROPODA 


Lora oldroydi (Arnold)... ... 
Lora tabulata (Carpenter)? 


[Bela fidicula of 


Spirotropis (Antiplanes) perversa (Gabb)...... 
Spirotropis (Antiplanes) ef. voyi (Gabb)....... 
Spirotropis (Antiplanes) sp. dextral........... 


Spirotropis (Typhlomangelia) 


renaudi (Arnold). 


Pseudomelatoma penicillata (Carpenter)....... 
Moniliopsis incisa incisa (Carpenter)......... 
Moniliopsis incisa ophioderma (Dall)......... 
Moniliopsis incisa modesta (Moody).......... 
Moniliopsis graciosana mercedensis (Martin)... 


Taranis incultus Moody .... 


Mangelia (Bela) hecetae barbarensis Oldroyd. . . 
Mangelia (Mangelia) heragona Gabb......... 


Clathurella conradiana Gabb. 


Admete couthouyi gracilior (Carpenter in Gabb) 
Cancellaria crawfordiana Dall................ 


Cancellaria tritonidea Gabb. . 


Cancellaria tritonidea fernandoensis Arnold... . 


Olivella boetica Carpenter. . . 

Olivella pedroana (Conrad). . 
Mitra idae Melvill......... 
Mitra lowei Dall.......... 

Fusinus arnoldi (Cossmann) 
Fusinus barbarensis (Trask) . 
Fusinus monksae Dall. ..... 


Exilioidea rectirostris (Carpenter). ........... 


Kelletia kellettii (Forbes)... . 
Searlesia dira Reeve........ 
Cantharus fortis angulatus (A 
Cantharus gilbertt (Moody). . 


Neptunea (Sulcos¢pho) tabulata (Baird)........ 
Nassarius (Schizopyga) mendicus mendicus 


Nassarius (Schizopyga) mendicus cooperi 


Nassarius (Schizopyga) perpinguis (Hinds)... . 
Nassarius insculptus (Carpenter)............. 


Mitrella carinata (Hinds)... . 


Mitrella carinata gausapata (Gould).......... 


Mitrella gouldii (Carpenter) . 
Mitrella tuberosa (Carpenter) 


Sth& 6thé& 


Bw 
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Lora viridula (O. Fabricius)................. R ee rear N 
Lora sanctae-monicae (Arnold)............... C E 
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GASTROPODA 


Amphissa columbiana Dall®®................. 
Amphissa reticulata Dall.................... 
Amphiesa versicolor Dall.................... 
Purpura (Jaton) gemma (Broderip)........... 
Purpura carpenteri (Dall)................... 
Tritonalia interfossa interfossa (Carpenter)... . 
Tritonalia foveolata (Hinds).................. 
Tritonalia interfossa ? clathrata Dall.......... 
Tritonalia lurida lurida (Middendorff)........ 
Tritonalia lurida munda (Carpenter).......... 
Acanthina spirata (Blainville)............... 
Trophon (Boreotrophon) multicostatus (Esch- 

Trophon (Boreotrophon) orpheus  praecursor 

Trophon (Boreotrophon) pacificus (Dall)... .... 
Trophon (Boreotrophon) raymondi Moody. ... . 
Trophon (Boreotrophon) stuarti Smith......... 
Trophon (Trophonopsis) tenuisculptus Carpenter 
Forreria belchert (Hinds)..................-- 
Bursa californica (Hinds)................... 
Ranella (Priene) oregonensis (Redfield)....... . 
Cypraea spadicea Swainson.................. 
Tree Titers Raymond... 
Alabina californica (Dall and Bartsch)........ 
Bittium (Lirobittium) catalinense Bartsch... . . 
Bittium (Lirobittium) asperum (Gabb)........ 
Bittium (Semibittium) rugatum Carpenter... . 
Seila montereyensis Bartsch.................. 
Cerithiopsis sp. [“‘tuberculata,” ace’d. to Moody}. 
Triphora carpentert Bartsch................. 
Alvania acutilirata (Carpenter).............. 
Turritella coopert Carpenter................. 
Turritella jewettti Carpenter................. 
Turritella goniostoma Valenciennes........... 
Aletes squamigerus Carpenter................ 
Lacuna divaricata carinata Gould............. 
Lacuna divaricata solidula Lovén............. 
Lacuna porrecta Carpenter.................. 
Hipponix antiquatus (Linnaeus).............. 
Hipponiz tumens Carpenter................. 
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*° Reported by Moody as “Amphissa corrugata Reeve,” “Very abundant.” 


L 

L 
L 

L 
n 
L 
E 
N 
n 
I 
4 

L 

N 

L 

n 
n 
2 E 

L 

E 
L 
L 

4 ” 

N 
L 
L 

L 
n 
n 
n 
7. 


STRUCTURE 1063 

6th& 4thé& Distri- 

GASTROPODA Hope Flower Broadway bution 
Crepidula aculeata (Gmelin)................. L 
Crepidula nummaria R L 
Crepidula onyx A L 
Crepidula princeps Conrad.................. A A A E 
Crucibulum spinosum (Sowerby)............. R L 
Calyptraea ? mamillaris Broderip.............00...... R C ? 
Calyptraea filosa (Gabb).................... E 
Calyptraea (Trochita) radians (Lamarck)®..... 0 

Natica (Tectonatica) clausa Broderip and 

Polinices (Neverita) reclusianus (Deshayes).. . . A A Cc L 
Polinices (Euspira) lewisii (Gould)........... n 
Polinices (Euspira) orbicularis (Nomland)..... ...... ...... Cc E 
Pinum scopulosum (Conrad)................. L 
Astraea (Pachypoma) inaequalis (Martyn)..... R n 
Homalopoma carpentert R n 
Homalopoma paucicostatum R L 

Calliostoma canaliculatum R n 
Calliostoma coalingense Arnold............... > E 
Calliostoma splendens Carpenter.............. R L 
Diodora aspera (Eschscholtz in Rathke)....... L 
Diodora murina (Carpenter in Arnold)........ ‘| er R L 
Epitonium (Nitidiscala) indianorum (Carpenter) R i R L 
Epitonium (Nitidiscala) tinctum (Carpenter)... ...... ...... R L 
R 8 


Epitonium (Nodiscala) retiporosum (Carpenter). ...... 


# Reported by Moody as “Crepidula rugosa Nuttall.” 
41 Reported by Moody as ‘‘Crepidula nivea Dall.” 


42 The identity of Moody’s specimens with the large living Peruvian species which has 
been variously known as Calyptraea or Trochita radians, costellata, and trochifornis is 
very doubtful. Moody's record of this species is probably based upon a misidentification. 

# One specimen in Los Angeles Museum of History, Science, and Art, collected from 
the excavation for the Los Angeles Public Library on the south side of 5th Street about 
200 feet south of the 5th and Hope Street locality. It may be in a bed slightly higher 


stratigraphically. 
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6thé& 4thé& Distri- 
GASTROPODA Hope Flower Broadway bution 
Epitonium (Opalia) gouldi (Tapparoni-Canefri)** n 
Turbonilla (Mormula) tridentata (Carpenter). . . R R R L 
Odostomia (Evalea) gravida Gould............ ?R R N 
Odostomia (Amaura) satura Carpenter........ R N 
SCAPHOPODA 
Cadulus fusiformis Pilsbry and Sharp......... L 
Dentalium neohexagonum Sharp and Pilsbry. . . A A R L 
BRYOZOA 
Cellaria mandibulata Hincks................. R L 
Idmonea californica d’Orbigny............... E 
ANTHOZOA 
Astrangia insignifica Nomland............... L 
ECHINOIDEA 
Strongylocentrotus franciscanus (A. Agassiz).... A L 
Strongylocentrotus purpuratus (Stimpson)...... ...... A L 
VERTEBRATA 


CONCLUSIONS 


In this total fauna of 178 definitely determined species or varieties 
there are 50 pelecypods, 121 gastropods, 2 scaphopods, 2 bryozoa, 1 coral, 
and 2 echinoids. Of the 171 pelecypods and gastropods combined, 22 
are extinct (6 pelecypods and 16 gastropods), which gives a percentage 
of extinct species of 12.87 per cent. Of the 149 species which are still 
living, 12 (4 pelecypods, 8 gastropods) now live along the coast only 
north of San Pedro, Los Angeles County, and 39 others (10 pelecypods, 
29 gastropods) live mostly north of Los Angeles County. Only 4 (all 
gastropods) live entirely south of Los Angeles County, and only 7 others 


# Commonly known as Epitonium (Opalia) wroblewskyi (Méirch), 1876, a new name 
for Scalaria borealis Gould, 1852, not S. borealis Beck, 1839. Mérch’s new name is ante- 
dated by Scalaria (Psychrosoma) gouldi Tapparone-Canefri, 1874, a new name pro- 
posed for the same species. 
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(3 pelecypods, 4 gastropods) range in the living fauna mostly south of 
the county. The balance of 84 forms (26 pelecypods, 58 gastropods) 
now live both north and south of Los Angeles County and hence do not 
furnish very significant data on marine temperatures during deposition 
of the fossil bed. 

The percentage of extinct species, though small (12.87 per cent), is 
not antithetical to a late Pliocene age in Southern California. It is 
well recognized by modern paleontologists that the percentage of ex- 
tinct species can not be relied upon for very fine discriminations of 
geologic age. The most significant fact brought out in the above statis- 
tical analysis is the larger number of northern-ranging than southern- 
ranging species. 

Assuming the uniform and gradual lowering of the temperature of 
the sea along the California coast from early to late Pliocene time,*° 
this fauna, by its temperature significance, suggests late Pliocene time, 
later, in our opinion, than most if not all of the San Diego formation 
at San Diego but not as late as the time suggested by the fossil Mollusca 
occurring in the distinctly cool-water horizon at Bathhouse Beach in 
Santa Barbara, which may represent lowermost Pleistocene time.*® 

The absence of a number of characteristic middle Pliocene forms such 
as Arca multicostata variety camuloensis Osmont, Arca trilineata variety 
calcarea Grant and Gale, the Pallium pectens, Pecten healeyi,4’ Epitonium 
(Opalia) varicostata (Stearns), and several others and the absence of 
all the most characteristic lower Pliocene species accords well with the 
age suggested by the temperature significance of the fauna. 

Taken as a whole, the fauna suggests shallow water with a normal 
salinity, although some of the species such as Cryptomya californica, 
Savidomus nuttalli, Solen sicarius, Nassarius mendicus cooperi, Mitrella 
carinata and variety gausapata are often found living within bays and 
lagoons where the water may be presumed at times to become temporarily 
slightly less saline than normal sea water. It is quite probable that 
this fauna represents the accumulation of remains which have been 
shifted around somewhat so that more than one ecologic association is 
represented. 


*U.S. Grant and H. R. Gale: Mem. San Diego Soc. Nat. Hist., vol. 1, 1931, pp. 21-22, 
60-61. 

There is considerable difference of opinion in regard to the age of the beds at Bath- 
house Beach and Packards Hill, Santa Barbara. Grant and Gale (Mem. San Diego 
Soc. Nat. Hist., vol. 1, 1931, pp. 35-36) considered them upper Pliocene. 

47 Reported as uncommon by Moody but not seen at all in any later collections from 
the same horizon. It seems probable that Moody’s record is based upon a misidentifi- 
cation. 
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It will be noted that there are about 21% times as many species of 
gastropods as pelecypods. This numerical disproportion between these 
two classes of Mollusca is not due to the personal equation of the col- 
lector nor to differences in resistance to destructive agencies, for in the 
Recent faunas of California gastropod species are about three times as 
numerous as species of pelecypods. 

The occurrence of Turritella goniostoma in this fauna is worthy of 
particular note. This is a characteristic southern species ranging in 
the Recent fauna from Scammon’s Lagoon on the west coast of Lower 
California southward, possibly as far as Peru. It is known in the 
Pliocene of Mexico and in the warm water Pleistocene at San Diego,** 
but it has not been reported previously as far north as Los Angeles 
in the fossil state. Its somewhat anomalistic occurrence in this upper 
Pliocene fauna so far north and associated with species which are mostly 
more northern in habitat may be due to other conditions than mere 
control by the mean annual isotherm. The presence or absence of 
enemies, or food, or the distribution of temperature throughout the year 
and particularly during the breeding season, may be of greater impor- 
tance.*° 

A detailed specifie comparison of this large upper Pliocene fauna from 
Los Angeles with the fauna from the uppermost Pliocene or lower Pleis- 
tocene at Santa Barbara and with the fauna from the San Diego forma- 
tion at San Diego cannot be made at this time because these other faunas 
are now being critically studied and complete faunal lists for them are 
not yet available. However, from our present knowledge of other Pliocene 
localities in California it appears probable that the lower Pliocene beds 
described in this paper are equivalent to the Repet.o formation at its type 
locality in the Repetto Hills and to similar beds at the base of the Pliocene 
section in the Ventura Basin near the town of Santa Paula, and probably 
also to the Jacalitos formation in the San Joaquin Valley. The middle 
Pliocene of this paper (the Third Street Tunnel fauna) probably corre- 


4 For oceurrence records see Grant and Gale: Memoirs, San Diego Soc. Nat. Hist.., 
vol. 1, 1931, p. 773. 

4° Of the three other southern species, Pseudomelatoma penicillata has a closely related 
variety (moesta Carpenter) which ranges as far north as Monterey; Alrania acutilirata 
ranges to San Diego and it is closely related to species which range far to the north. 
some to Alaska ; Calyptraea radians, identified by Moody but not seen by us in any later 
collections, may represent a misidentification of Calyptraea filosa (Gabb) or some 
other species. Turritella goniostoma is the most striking southern form but as it is 
represented by but three fragments in all the collections (which could be due to trans- 
portation and regurgitation by a fish. a well-known occurrence in the present seas) 
the great preponderance of northern species seems to justify assuming a colder marine 
temperature than that now prevailing off the coast of Los Angeles County. 
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sponds in part to the so-called “lower Pliocene” of Elsmere Canyon and 
at least to a part of the San Diego formation in the San Diego mesa. The 
upper Pliocene fauna listed above appears to be equivalent to the fos- 
siliferous zone in Davidson's brick quarry just north of Montebello, but 
it is probably a little older than the fossiliferous sandstones outcropping 
at Bath-house Beach, Santa Barbara. Some of the controversy over the 
geologic age of California late Tertiary and early Quaternary fossiliferous 
horizons (which involves the San Diego formation and the deposits at 
Santa Barbara) may be due in part to disagreement over the position of 
the boundary line between the Pliocene and Pleistocene, a subject briefly 
discussed quite recently by Grant and Gale.°? This, however, is a dis- 
tinct problem from correlations between beds which either are equivalent 
or are not equivalent in age, regardless of the Pliocene-Pleistocene bound- 
ary. The present authors have attemp.ed to make their own personal 
opinions as clear as possible without digressing too much, since the 
introduction of data obtained from other regions to subsiantiate their 
beliefs would add too greatly to the length of the paper. Furthermore, 
it would not be appropriate here, and, in some cases, it would be pre- 
mature. 

We hope that the large upper Pliocene faunal list from Los Angeles 
included in this paper will be of considerable value in future correlation 
studies of late Pliocene horizons in Southern California. 


1). S. Grant and H. R. Gale: Mem. San Diego Soc. Nat. Hist., vol. 1, 1931, pp. 69-71. 
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